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CONTRACT TRIAL OF THE UNITED STATES 
BATTLESHIP KENTUCKY. 


By CoMMANDER HarriE WEBSTER, U. S. Navy. 


The battleship Ken‘ucky is a twin-screw, armored, seagoing 
battleship, 368 feet between perpendiculars, 72 feet 24 inches 
beam, and of 11,600 tons displacement at a load draught of 23 
feet 7% inches. She was constructed by the Newport News 
Shipbuilding and Dry Dock Company, Reayen News, Va., 
under contract of January 2d, 1896. 

The hull and machinery specifications were supplied by the 
Navy Department, but the few changes and modifications found 
necessary as the work of construction progressed were developed . 
by the contractors. 

The cost of the Kentucky was limited by law to $2,250,000, 
with a time allowance for completion of three years. This con- 
tract price, however, did not include armor or armament, neither 
does it include ordnance nor ordnance outfits. 

A speed of sixteen knots an hour for four consecutive hours 
over an open sea course was guaranted by the contractors, but 
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no premium for any excess over that speed was included in the 
contract. On the other hand, a penalty at a rate of $100,000 per 
knot was to be imposed in case the speed failed of the required 
sixteen knots per hour, and the right to wholly reject the ship 
or accept her at a lower price was reserved in case the speed 
fell below fifteen knots per hour. 

The weight of all machinery was allowed to reach 1,100 tons 
of 2,240 pounds, any excess up to 5 per cent. of this limit in- 
volving a penalty of $500 per ton, and if over 5 per cent. an 
additional lump penaltyof $10,000 was fixed. 

The hull is divided into two hundred and ninety-two water- 
tight compartments, and is built of mild steel of American manu- 
facture. All the wood employed in the interior fittings is fire 
proofed, but wood is only used where absolutely necessary, and 
in this respect the Kentucky will bear favorable comparison with 
any ship of her class afloat. 


HULL DATA. 
Lenete Datween porpendiculars, 166t. «....5.cccccccsccsesecsecssessecesosvacsccnses 368 
ae i Ne SD oor ncpcncctpsnscecsinseksdntaksaccenssosses 368- 1% 
over all (including rudder), feet and inches...................c0seeees -375- 44 
Beam, extreme, feet and inches..................cecceseccececeees bees Sdgtasnanenss 72— 2} 
ees EE MRED SOE co nrc ccssnoniecesesevdchessessecerecssonse torees 72- 2} 
RN en canter ms ovncausliasoustaepauractonsersineoktetausectass 5-20 
Depth, from top of main-deck beams at side to bottom of frames at M.P., 
II athe risideiconnaonstancorscnasnsdubdaseuannesabepebateveestmenasaiuas 33- 8 
Height of superstructure above main-deck beams to top of hammock 
besthing on upper deck, feet and inches. .........c.ccccescocssessscesceseseese 12-0 
Draught, normal, forward, feet and inches..............sccecssceecesceeeteceeees 23- 7% 
NE HR svictenvins srcanastcagseknboesbiecveceabicunne 23- 7% 
SN UE MIE IIR Gorski ccs cnrvccccacenbbeacnecoussastiesess 23- 7% 
Displacement, corresponding to normal draught, tons................0.0..06 11,600 
NE NE ar IN ia icnrat de cescpeavarerssecosednestasiennes 47-74 
Area of immersed midship section to L.W.L., square feet.................60. 1,620 
Be es SN IE TIN vnic scbiccnaatoueincts csxunechveercnehonndavscbsases 20,070 
Center of gravity of L.W.L. plane, aft of M.P., feet and inches............ ; I- 9 
buoyancy above bottom of keel, feet and inches................... 12- 9§ 
forward of M.P., feet and inches...................-..000- I- of 
gravity above bottom of keel, feet and inches..................... 25-— oF 
Transverse metacenter above center of buoyancy, feet and inches......... 16-11} 
Longitudinal metacenter above center of buoyancy, feet and inches....... 367-0 


Coefficient of fineness on extreme dimensions,,...............0006 seeeeee enue 643 
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Coefficient of fineness of midship section ..............ceccecseeseceeeeeeseeeees 957 
Ce Oe Fs oc necscssnncsncncncerinnvrcapalignsd atnsaessons 757 
Ce Ng dirseiesicenccessesancss scheeeniccattawelssosmmeignamretatons 681 
I Ir Cian ctstnienp tt brbanates neta scbinsivoerseeneneticetesiebagiomaret 94 
I Ci acinisiitiss gti ctcnvensiicsaccolataraetiangeen 292 


The general data of the Kentucky, outside of performance, is 
similar to that of the Kearsarge, which was published in the last 
number of the JouRNAL, but for convenience of reference the 
principal ones will be repeated here. 

Armor and Armament.—The side belt is of Harveyized nickel- 
steel extending 3 feet 6 inches above and 4 feet below the 233- 
foot load line. The thickness amidships of the side belt is 164 
inches at lower edge of chamfer at the top of the armor, taper- 
ing to 9} inches at bottom. The maximum thickness of armor 
at the water line is maintained from the center line of the after 
barbettes, where the belt begins, to the forward coal-bunker 
bulkhead, tapering to 103 inches to the center line of forward 
barbettes, thence to 4 inches in a distance of 30 feet, which thick- 
ness is then maintained to the bow of the vessel. The triangular 
armor extends from the slopes of the protective deck to the top 
of the armor belt at the forward and after ends of the machinery 
spaces, the forward bulkhead being 10 inches and the after bulk- 
head 12 inches in thickness. Above the side belt there is a 
casemate 6 inches thick made up of two 43-inch plates and one 
5-inch plate; the athwartship bulkheads are 4 inches thick, and 
are worked from the sides of the vessel to the centers of the bar- 
bettes. The thickness of the superstructure armor is 6 inches. 
The protective deck between armor bulkheads is 2# inches thick, 
and at the extremities on side slopes are fitted plates of armor 
4 inches thick. The splinter bulkheads between 5-inch gun 
stations are each one piece of plate, 80 pounds per square foot. 

The barbettes are 15 inches thick at the front and 124 inches 
thick at the rear; the 13-inch turrets are 17 inches thick at the 
front and 15 inches thick at the rear; the 8-inch turrets are 11 
inches thick at the front and g inches thick at the rear. The 
conning tower is elliptical in shape, and is 10 inches thick. An 
armor tube 7 inches thick is fitted between the base of the con- 
ning tower and the protective deck, to afford protection to the 
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voice pipes, electric wires, engine telegraphs, steering gear and 
engine tell-tales. 

The main battery consists of four 13-inch breech-loading rifles, 
35 calibers, mounted in pairs, in two balanced turrets, on the 
fore-and-aft center line of the ship, on the main deck; four 8- 
inch breech-loading rifles, 40 calibers, mounted in pairs, in two 
turrets superposed on the 13-inch turrets; and fourteen 5-inch 
rapid-fire breech-loading rifles, 40 calibers, mounted in broad- 
side, on the main deck within the superstructure. 

The secondary battery consists of twenty 6-pounder rapid-fire 
guns, eight 1-pounder rapid-fire guns, four of which are auto- 
matic, four Colt automatic machine guns, and two 3-inch field 
guns. There are four tubes for Whitehead torpedoes, two on 
each side, discharging directly from the berth deck. The turrets 
are trained by electricity, and the 13-inch guns are elevated and 
loaded by the same power. The 5-inch guns are worked by 
hand on central-pivot carriages. 

Coal Bunkers —There are 34 coal bunkers which can be filled 
either from the upper or main deck by means of admirably 
arranged portable chutes and trunks, Trolley gear is provided 
for coal transportation between bunkers and steam fire-extin- 
guishing apparatus is installed in all bunkers. 

Main Engines.—The motive power consists of two three-cylin- 
der triple-expansion engines of the inverted vertical direct-acting 
type, located in two watertight compartments on opposite sides 
of the ship, the high-pressure cylinders being placed forward in 
both cases. 

The engine framing is of wrought steel, and the main steam 
valves are of the single-ported piston type, operated by the well- 
known Stephenson link. The valve gears of the three cylinders 
are mutually interchangeable, and the cut-offs are arranged for 
an expansion of from one-half to seven-tenths of the stroke. 

The main piston rods are of forged nickel-steel, hollow and 
oil tempered, the outside diameter being 7} inches, the central 
hole being 34 inches in diameter. The connecting rods are also 
hollow and of nickel-steel. The eccentrics are of cast iron, while 
the eccentric straps are of brass. 
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BUNKER LIST. 





Capacity. 





























Compartment. een na eee aan - 
Cubic feet. | Tons. 
B- 5 2,031 | 47-23 
B- 6 1,781 41.42 
B- 7 4,975 | 108.72 
B- 8 4,975 | 108.72 
B-15 3,598 83.68 
B-16 3,598 83.68 
B-19 3,717 86.44 
B-20 35717 | 86.44 
B-27 3,797 86.21 
B-28 3,707 86.21 
B-25 3,214 74-74 
B-26 2,895 67.32 
C- 3 1,484 34-51 
C- 4 1,484 34-51 
i PaciGthnteanes — 4 44,283 1,029.83 
SPLINTER DECK. 
B-31 | 1,584 36.84 
B-32 1,584 36.84 
B-35 1,151 26.77 
B-36 | 1,151 | 26.77 
B-53 1,673 38.90 
B-52 | 1,693 | 39-37 
B-48 596 | 13.86 
B-49 596 | 13.86 
B-59 | 601 | 13.98 
B-60 601 13.98 
C-17 612 14.23 
C-18 612 14.23 
Wo sidsccesees — 12 12,454 | 289.63 
BERTH DECK. 
B-102 | 1,103 25.65 
B-103 714 16.61 
B-114 1,700 39-53 
B-115 1,700 39-53: 
B-123 1,727 40.16 
B-124 1,727 40.16 
B-131 1,510 35.12 
B-132 | 1,516 35.26 
_ ae 8 11,697 272.02 








Total ship............. 34 68,434 1,591.48 


The crank shafts are of steel, forged, 14 inches diameter, and 
are in three interchangeable and reversible sections. They are 
hollow bored, the axial holes being 74 inches in diameter. The 
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thrust bearings are of the ordinary horseshoe pattern, each having 
eleven collars faced with white metal. The cranks are placed 
120 degrees apart. 

ENGINE DATA. 


Cates, RE Tar GH sic ctnsenien en csctcnrtccsccisscnasicacsasicaveesen 3 
a I BIND i akon niccancscakseiuisaus, seuresbiekucbasseerebs 334 

ig MUN, Sis acs ove pesacn caameiincaknincesoniniguamatatoae 51 

iirag A: UNIO sca, bavenvcesssvennsacpersdieseaiimmerserasmasnaiia 78 

a OF I I ii ivesiivenitnnniacanictsniseniccnniepaicg ec tipcstaedacakes 48 
Valves, H.P, (one for each cylinder), diameter, inches................ceeseeess 194 

I.P. (two for each cylinder), diameter, inches,................sceseesees 18 

L.P. (four for each cylinder), diameter, inches,...............seceeeeees 18 

Ginlamce pistotin, TRF, Ge, BIR aiiin cs siccinss coviesuncccssesnescbissusvesbos 6 
BR cg ls MIN vinciin'acednics so usnctucubensceninckenconan a 74 
Ba MI oon scivcatntedoceceisidnkocaunsieddonievs 74 
Wait I, AI, Bis iiicinisis cin nccnsnncssctencaccasbsisiraieasdcupeceodiens 2} 
diameter, through valve, inches...........c0cecsecesecscscscoesecssese 1} 


Main steam pipe (13 inches diameter) area cross section, square inches,.... 132.73 
Exhaust pipes to I.P. cylinder (1) 17 inches H.P. end, 17 inches I.P. 226.86 
end, area of cross section, square inches.............++ 
L.P. cylinder (4) 15 inches I.P. end, (8) 11 inches,, 706.50 

L.P. end, area of cross section, square inches,....... } 

condenser, (2) 19 inches diameter, area of combined 


CONES SCHON, SQUAT IMGRES. 0.5... scccseresccesesseseneceses 566.77 
Volume swept by H.P. piston (mean), per stroke, cubic feet................... 23.84 
I.P. piston (mean), per stroke, cubic feet.................4 56.09 
L.P. piston (mean), per stroke, cubic feet...............00 132.04 
Sek arin ET, We FE ici ccisiscin thieves cnessnaconpsaeasabinrcverssacansdraiion 2.34 
Pl. Tia siicvnsinnsnandesnnsteeeceareshenesateaienioeandmeie 2.36 
RE SON. aie OR Fe IR ois csnnscnice'csineccroesanceusdcsysastaaennussobnel oes 5-53 
Clearances of H.P. cylinders, per cent............00seseeeeee top, 18.9; bottom, 22.8 
LP CEE, OOF COME yo cccscccncesscasvervees top, 18.9; bottom, 24.7 
LP. CPUMGREE, PET. CBM... scccse.ccsesessnes top, 17.5; bottom, 22.9 
Pictet Wi, GA, Taos iss cigissnnsisc-ecsvcncovesiecshecgeanepsucsbeenbeaeeds 74 
length from piston to crosshead, feet and inches,..............++ 6- 63 
Connecting rods, length from center to center, feet...........ssseeseeseeeeeeerees 8 
diameter of upper end, inches,...........ccccsccerssscecsssseees 74 
diameter of lower Gnd, IMCREG.......0<.000ssccacescscccacecoeses 8} 
crossheads bolts (2), diameter, inches.............sscesesseees 44 
crank-pin bolts (2), diameter, inches..............sscsseseeees 4t 
Crossheads, surface (ahead), square inches..............:sseecseeceeeeceeeeeeeeees 459 
(backing), square inches... .......0rcesccsrcccrscessvesccesecs 357 
pins, diameter, inChes...........cccccecscersssesccrecscrerosscsoescoesees 9} 


length, inches..........ccccccorcccsrsecececccsccccvcscccossescooses 
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Reversing gear, steam cylinder, diameter, inches...................sseseeeeeeeees 15 
controlling cylirtder, diameter, inches................ses0se000s 73 
Copmeie SGN; IIT, TORN. oon cs ccccccssccesessseccsesscccses enshbukcomenasboe 14} 
ON i aiiesis sic visser wikiscecoccowacepsusenteeundedcinasc 74 
COMMUNE Gincs, GIMME, TUCNES, 0.05.0 00cseccoccccoccsocccenssscese 29 
I MB ic cicnepisceceisiassssvatbinwicoes 34 
bolts in one flange (6), diameter, inches............... 34 
I, GUE FINI oid issn swecesnnecscecsesonssquevccaense 143 
IR cinsiccccenansnarsoscsdsaauarecesninainenanions 164 
length of each section, feet and inches.................scseceeeees 8-10 
CI BIG I I< circa incovancamctod suasveccsevsussnssaccincsowessns 14} 
I IE Ss viniain susvradaldpdeedende ue anniehiad ie tackab axemok seamaoans 17 
Pe I s sniseciceiecsccssconcecdsesseanetcchbeonkocarigeiivgate 7% 
re NIN CN sci. sscivncg accion donicletsinndipeneesaiebenmieaemeniens 16} 
INN cc 2 ceed oelaale acnattadteasiesladinateselent 10 
I I, I itis iesicics en eas ncccnsnsies vdcvevenassscenbanssousonce 14 
diameter of coupling disc, incher..........0:.cccscccccescsscccsccces 29 
Tn es 
IE I ives c nicinidanpavcenanssaceaiiuavareenves II 
I ois ninccecuotaincedjocnaniivencgicsueciors 21k 
I Iso tncsisscsadenivencadoncanpanccverneumecenaas 2 
GENES TORRE, TRCIIIG oes cn ccc cvesesecsiecssaccsrsccess 34 
surface, total for both engines, square inches,........... 4,600.64 
I ee BIE MD. is cescecansioneccdcctscecnnadasedoesonnecenstces 15- 53 
AN ik orn sncuindnsrnncgtidaesedpnacetineapbecdusnéeeoaens 14 
I i ccrctatternterwoiiansdatandedunesnnterGanakekincn oo 9 
diameter of coupling discs, inches................c.seceesessseceeeees 29 
I Ne I ci vntiviccrrcostocenpsivciniesccpdodessountevaione: 31-10} 
IIE GE, GRIN, FOB oes esincccvocccevcsecesespcncccsscesectibiieaes 14} 
ae a oF 
Propeller shafts, outboard, length, feet and inches.....................c-eeeceees 26- 54 
Propeller shafts, outboard, coupling, diameter, inches..................-seeseeee 21 
length, feet and inches.,...............cesesseceesees 4- 84 
inboard, length, feet and inches................cseceqeceeeeees 31-10 
SIRs CEE CI, BORIC. neice cncsiccesccseccousstcccssevoncterecesos 484 
EEE OE OE MORI CRS ANE AE 161% 
tube bearing, length, forward, inches...............scsscsecsecseceseseeeces 403 
i cssadacenthedtateastesshacsaucsoccortodedon 42 


Main Condensers ——Each main engine has a separate condenser, 
the shell proper of which is of wrought steel, the water chests 
being of composition. Otherwise the usual method of construc- 
tion is followed, the circulating water first passing through the 
lower tubes and returning through the upper nests. 








SHOWING GENERAL CONSTRUCTION OF MAIN ENGINE. 
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CONDENSER DATA. 


Diameter of shell (inside), feet and inches..........0......ccccccccessesseccesees 5- 84 
SE GE GO Pa sdsttnen cinewedossccnsnitedtecstekuntssapebedses eeanaabbncsoes is 
EE OEE CE, TE Fe I a ow ccc conssccntenicbccsunnscessivanisetbavnns 13- 4 
“Dis, GENIN TORIND SAORccniicccieseocssscecsserosteesuaphotestecsoasanes § 
length between tube sheets, feet and inches..............scescseeeseeeee I1- 6 
I, Fe Tae ig MN iciieventocesdontntasrcasvisasmssinssesanion 049 
ARE ih SE IR o.oo icesiccnscschececcssnienncqnstessneenatiossess 3,749 
Cooling surface, each condenser, square feet............ceccccccssscscsscccsceces 7,050 
"LOGIE CORTE SERIE, BONE TO ais sk oesn casiacccicioencdcscecacavacstnirevtenest 14,100 
Ratio of total cooling to total heating surface.............sssssesesesseeeeseeeees I to 1.56 


Air and Circulating Pumps.—There is a separate air and sep- 
arate circulating pump for each main condenser, the former 
being of the Worthington vertical, twin-cylinder, single-acting 
type, and the latter of the usual centrifugal type, commonly 
used with modern marine machinery. 


ArrR—PumP DATA. 


Dianseter <6 stenan ep TGans 69), GOI E. . cacisc occ sccetactacecccvescimsetnsseseene 12 
NEE CHMINTE: (9), HRs cc cctscescceonsssadupinsensesntbeonaneces 25 
SOs Pts vn concecens ecawenatnonasnehcaciptiqurtacsasbineunensneehoesenennmesis 18 
TOURUIE  BIIE FOTN, TMs sive cncncnsivctatnuns cesmiudaebansbenatebasecens 215 
NEY HIN, Ci iaiissa:sssnnscsocanrousandisiscenbeacenacnerebadeNunesoen 2} 
RN SENT, SIO onincasinkoacnchabodninesnoenaciesainapuensinanientn 35 4, 44 
Ratio of volume swept by L.P. piston, net area, per stroke, to that of the two 
I RE, OF Foie vexincsctnavibevevesntsdcssstechbeavepeiienmesesae 13 


CIRCULATING=PumP DATA. 


ERRRNGNS OF OURRET CITING INR, TNE ono cciincccitecicescassovincsccntnsicbsorsdntsnens ; Ir 
IN FN ae sisinsixtpnipeenssxciaivesiniesensensenceacsaarbertanatunsaeeibaaniaiaase 8 
ERNE OE SR SINE INE coioesccnsccekceccensinccuastececdeeubencvansaanveenane 42 
ee I a ones cceecevisstrchinsdevicdesticoeliccssuinpeeenieions 8} 
Diameter of inlet and of outlet nozzle, inches,............ceccccccsccecceccceccecces 153 
Rated capacity, each pump, gallons per minute...............scscscscecsscesesesesees 10,000 


Auxiliary Condensers.—There is in each engine room an auxil- 
iary condenser connected with the auxiliary exhaust pipes. The 
heads and shell are of composition and the tube sheets of rolled 
brass. Each has a Worthington horizontal, duplex, combined 
air and circulating pump, the steam cylinders being between the 
water cylinders and all the pistons being on one rod. The tubes 
are arranged and packed as in the main condensers. 
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ARRANGEMENT OF BOILERS. 
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Cooling surface, one condenser, square feet...............ssseccssceescreseessecesserens 8o1 
Raia Gi AE I I iin sien cdetidis iesnccisvinexsinsctinmetaonninnnes 74 
circulating-pump cylinders, inche™.......... ....cccccccsessssccsvecesesecs 84 
SA I in esssas sicescssiisivtninisesnisinaeersinsccnnets 8} 

Die, COMI, Tia ya cee viccpnsseascnsncsesonpcsansaxspesobnnesiaswanseonemtnoess 10 


Feed-Water Heaters.—In each engine room there is a feed- 
water heater which is similar in construction to a condenser. 
The auxiliary exhaust pipe has a by-pass valve, so that the ex- 
haust steam may be passed around the tubes of the heater and 
thence to the condenser. The heaters are located between the 
feed pumps and the feed main, and the valves are so arranged 
that the feed water can pass directly to the feed main without 
passing through the heaters. The heating surface is 496.5 square 
feet for each heater. The tubes are 1 inch in outside diameter, 
No. 13 B.W.G. in thickness, and are expanded into the tube 
sheet. The tubes are tinned inside and out. 

Screw Propellers.—These are three-bladed true screws with 
pitch adjustable to from 16 to 18 feet. The material is man- 
ganese bronze thoroughly tinned. The blades are inclined 
backwards 30 inches from the vertical. 


PROPELLER DATA. 


RN cs dipshit sean sbiacades bmiaipsadl io Dab aN 3 
I FN Saati srsecenmsidsscecicosescccdssatsseguteniacemiaiarieinnin 16- 9 
I Soin oii nce vet ccacoctrndgacmncgnrtinovenicchsonteiaaanes 4- 44 
Length of hub, feet and Incltes............00:c0sse.ssrcccssocevesoresscssosesccvcssessess 3-1 
Se I a ciccvavercccncdescrs: ecnespeemuasieerscbecsnberenerrs 17=- 3 
CE IE Wr I i oricccsiec iv cccecesncsascacnsccoutresenccbosees copreempesonee 5 
Hicliceidel avea of each screw, square fe0t,.........ccccccossecscocosescsessssescocess 84.2 
PROIGEIO GHOR, GAMAIE TOE osc nccccneseccscsscccvcccccesveconcceseterscosesoceessnsnsqes 69.2 
Disc aren, square feet........ccccccscccescccscs vescscccvccescsevecccccscssccosorscssessosons 220.35 
PE Oe i ttinorinrccicinissctsovecsnsreseoens OS OPE A PE: SR 1.03 
BOILERS. 


The steam-generating plant consists of five steel Scotch boilers 
placed in four watertight boiler compartments, formed by fore- 
and-aft and athwartship bulkheads. Two single-ended boilers, 
back to back, occupy the port after compartment and one double- 
ended boiler is placed in each of the other three compartments. 
All boilers are fore-and-aft, so that the fire rooms are athwart- 
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ships, one at each end of each compartment. There are two 
cylindrical smoke pipes, 8 feet diameter. The working pressure 
of all boilers is 180 pounds per square inch. 


DouBLE-ENDED BOILER DATA. 


ee IID "UII ess cocimcr inc oesscdcccacecoostnndeencoctons 
I IE as heidainnsbvtnadiveenbardthssavari icxdcesebstendscapawcaka one of 21 and two of 19 
Diameter, outside of all, feet and inches..................ccscccssccsccscssecccecce 15- 8 
Thickness of shell and heads at top, inches,...... ..........cecseeceeeeeeeeeeeeces 175 
Combustion chambers, number in each boiler...................sececeeeeeeseeees 4 
Furnaces, least internal diameter, feet and inches......................2.200008 3- 3 
POR OE NE IRE RT POOR s ncn scscscessccsscedcvesssacssscese 6- 7 
number in each boiler (corrugated).............0.sssscscseesseeeseees 8 
Se, Ne AI, PI oii erie Saini dcs cansakeatescceecusesececesarseuse 2} 
length between tube sheets, 21-foot boiler, feet and inches......... 7- 7% 
19-foot boilers, feet and inches......... 6- 7% 
SIGE GE CHUURENG, COME WORT agi ciscsccissicsiscessesidocivcccssscesessens 816 
I A I, BI aici sisicccixsemccnchhascoidokebsvaetionenccs 332 
MI OR ances Sasi sindescncelseveiesacssnsshdcensereaiomies 34 
snk asp nelecieciasiseninn isdn hsmaosionlakehe 34 
I I IN I oi. oh oesinssasndccecesedevevacedeesstessens 10 
IP sds ccsancsacbenceiresathn8s cacuiige Sinica subcsbeiisi 6 
Heating surface, square feet, one 19-foot boiler, tube...................s0eee0 4,473 
I sicascigtcewsandea acneasded 847 
each 21-foot boiler, tube...........ccccsscseserees 5,150 
NEC ciccsestuctectantwinnee gol 
Grate surface, square feet, each boiler...............cccscssesescccsescsoscesescocs 171.2 
Steam room, cubic feet, one 19-foot boiler.............ccccccecccsesccccccccscees 716.5 
IE CIN i icsoincnicadoocesnanapexemuedenihtsnken 808.5 
Smeke pipes (2), diameter, feet and inches................cecececeeescecscscecees 8-0 
NE Ge ay, I TR ania vic csincecseiinscesnsspeasecensamabeseraes 100.6 
height above lowest grates, feet............ccccsccosesscssccesceees 87 
Diameter of boiler main stop valves, inches................... ceased grrecscecees 9% 
Totals for three double-ended boilers : 
Heating surface, tube, square feet....... ccc taamaban onan weteaeieeeiatetammiiai 14,096 
I oink cnnocearainpemamaenieniananel 2,595 
ic SI Ci ciraivticcrics cncrtansnssnsiesssintececcanersens 16,691 
eS ais ates ccanidncsnntaiessretasdnvip vercesessonebiasees 513.6 
Ratios : 
II ido caslapina dak, tine dsdbedocscewnveeslseniycsesradetaniiaaine 27.44 
I hiss ocinumenuensdenead pesuaininacohneanebeninnine 5.05 
EI ee ae Le eR eT ee ee 32.40 
ee I  sinaslusewbicammenusasneiaden -139 
Volume of furnaces and combustion chambers above grates to G..6....... 4.13 


Gree soem per equare feat of (GG...............0scccccccsecsccessccscesscsccese 4.36 
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SINGLE-ENDED BOILER DATA. 


CHEE OE DENNER, INCR a 5 occesisccassccesesevonssseaes 
CERT TO, CURR iro icicssonis cas nescatedies ‘eccesosses 


“Feta, CONES: EI, TI soos osisidincscevsesecandes<acatesebatanvencenepae 
length between tube sheets, feet and inches..................s0ceeeeee 
WIDE OF GURIMEY, BUEN WOTUET oo vic vince ccicesccescsoacecoseresessense 

stay, each boiler............ ccnntaeenspanaton seek aimcuconer raves 

SENN PONINIREN, SIR aa cssccn nso scsecces -sanpecsnsesecnsesdeonseeh- 

SOE DOPRIOIIINE,, TER ioe onc cc so vicencsasnccsasconstrsssouncessnnses 
NE GE IOI, Tie We sissies sseesenntccdsnacccnes: <cecvcceseseers 

RN Bi iiaotes ane wcnaninnes canes asckecpeeswauedaenendece ss 

Heating surface, tube, square feet, each boiler..............csesessesseeeeseeees 
plate, square feet, cach boiler......... ...c0.ccscesscesecesese 

total, square feet, cach boiler...............0cseccesesceseesseee 

Grate auttnce, equane feet, COCR UONIG......... 02005000 s000essnccsercescesssesene 

Area through tubes, square feet, each boiler,..,...........sscccseesceeeseseeeees 

Steam room, water four inches above highest heating surface, cubic feet.. 

Diameter of bother stop valves, IWCROS,......0.0.0000scccsecenescocccsessoccseesess 

Totals for two single-ended boilers : 

REGUS SITRCE, CRE, BORER TOO onc... nei ssececsnnsstscteoesoiencssocionss 
UE CRI TO as. sinscdai cavssenheiccsebaedesecinees 
COONT, SQRRTO FOG. occivcies ceccnenencisonsesssccnesiestese osiece 
IO RINE, WRI CIN iis ic canines ve cinsonds napannienuataonaieceansemunrearten 

Ratios : 

NE Te OF Garlic c snes tnncin niscussdeesasvsyesnevenstevuateseppbenpesestbebastya 
ON TE ee OR Gas cciiascvnscinsccessnscctuesdeaciesspoanelacsbiadieanebenesanens 
ROD Fi CB oncns cecicarnvencnscgatecttgestscaniesvaguctebedutekts 


ALL BOoILeErs. 


Slesting surface, tube, square §60............0.0c0sscrccscsenscsescscweseenccessous 

ie WIE aa, vovcdscsectasscresoncconsatenketescucsoeine 

RC IN I ii sini iuecee oes scnneed poms nedeuonseian 
CORI SRO: IE ai vectors don onvicsdscneewinas een snkeniies peneennican 
Area through tubes, square feet..............:....-scercccvoccssesccsesesescssgseess 
Ge SI, Me prc cccnkegs cicoadses nso ciecsicunsdaagnassmscenpanecdabeuntbee 
Area of water surface, square feet.............. atuiece Cosh uielleaieaaels <sivoduuenes 
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Ratios : 
I TI as css ys white baaennen okenbnemener’saenps<auaencambienteaiiniine 27.24 
I MP I cass cacbasniesieukiensccntiisanencdncsaciavnisceteadssanmnepcston 5.03 
Pe CO iain tiga tine sscepadanbessinanashnssatanianinsvepsommetej eines 32.28 
I ils ipsa cvnaneceinscnvessnvncsavenctidcbiemenaniie 14 
Volume of furnaces and combustion chambers above grates to G.S, .. 4.11 
i BO OE I I Givi csascick sn ccccntsscsccecsdenaestsacazness 4-31 


Forced Draft.—The closed fire-room system of forced draft is 
used. The air is supplied by eight Sturtevant blowers, one in 
each fire room. The fans are driven by two-cylinder, vertical, 
simple, enclosed engines with cranks at 180 degrees. 


NE AE CAREER CI, CNN irs hassecisssisccncncdnacanpnnnncetencdeccdeciens 5 
NE I cod crus nscaedehsonsueasceiensssscendedebsainaciashenmaeenmieabandamts 4 
RTI I I «5 ace eaacecntedinds-cawaiadninnedbiicasiiiad cls aaxoonsed 60 
nO ns sia dasa es nt eo gendg cin cocmmdeonbonicemaanne Dacia tian 14 
Aves, of induction Rassle, SqUATS INCHES... ccrcrcvccscccenscssccscccecosssescscssose 1,060.7 
GUREIIEES HRI, BIE TREO oon iosesncsicdccissecacecacsavdurrscnnssmrecvoes 2,220 


Feed Pumps.—There are two main and four auxiliary feed 
pumps, all of the Admiralty type, Worthington duplex, and all of 
the same size, 10 inches by 7 inches by 12 inches, with a capacity 
of 400 gallons per minute. The main feed pumps are located one 
in each engine room and draw water from the feed tanks and 
air-pump suctions and deliver to the boilers; the auxiliary feed 
pumps draw from the feed tanks, the air-pump suctions, the sea, 
the drainage system and the boilers, and discharge into the boil- 
ers, fire main or overboard. These pumps are located one in 
each of fire rooms Nos. 3, 4, 5 and 6. The discharges of the 
main and auxiliary pumps are not connected, the auxiliary feed 
pumps only feed through the auxiliary feed main. In the port 
after fire room there is a small duplex Worthington pump, 44 
inches by 3 inches by 4 inches, of 65 gallons per minute capacity, 
for feeding the auxiliary boilers in port. 

Fire and Bilge Pumps.—In each engine room there is a ver- 
tical, duplex Worthington pump which draws from the sea, the 
bilge and the drainage system, and delivers into the fire main or 
outboard. The steam cylinders are 10 and the water cylinders 
7 inches in diameter; stroke, 12 inches. 
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Water-Service Pumps.—In each engine room there is a verti- 
cal, duplex Worthington pump which draws from the sea and 
delivers into the water-service pipes, the distiller circulating 
pipes, and into the fire main. These pumps have a capacity of 
400 gallons per minute ; size, toinches by 7 inches by 12 inches, 

Bilge and Sanitary Pumps.—There are two single-acting plunger 
pumps on each main-engine shaft, driven by eccentrics ; one pump 
on each shaft is arranged to draw from the bilge and discharge 
overboard ; the other to draw from the sea and discharge into 
the flushing main. 

Grease Extractors—A grease extractor is fitted on the dis- 
charge of both main feed pumps. It is similar in action to a 
Macomb strainer; the cartridge is perforated and covered with 
burlap, through which the water filters. By-pass valves are fitted 
so that the extractors may be overhauled without interrupting 
the boiler feed. 

Feed Tanks.—There is a feed tank of 2,000 gallons capacity in 
each engine room. A part of the tank is fitted as a filter, into 
which the water from their air pumps is delivered. The filter has 
a movable cover and is provided with sponges. Each tank has 
a manhole, glass water gage, shut-off and drain cocks. An 
overflow pipe is fitted and so arranged that any water passing 
down it maybe seen. Each feed-pump suction is provided with 
a balance valve operated by a float in the feed tank, and so ar- 
ranged that no air will enter the feed pipes. 

Ash Hoists—In each fire-room hatch there is a Williamson 
Bros. double, reversible ash hoist, by means of which one bucket 
of ashes of 300 pounds (with a steam pressure of 80 pounds) can 
be hoisted in five seconds. The steam cylinders are 44 inches 
in diameter, with a stroke of 44 inches. 

Engineer's Workshop.—The workshop is situated on the splinter 
deck, just forward of the engine rooms. It is fitted with a ver- 
tical engine, 7 inches by 7 inches, a 24-inch lathe, a 14-inch 
screw-cutting lathe,a shaping machine, a double-geared drilling 
machine, a hand drill press, combined punch and shears, and 
emery wheels. 

Distilling Apparatus.—There are two Williamson Bros. straight- 
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tube distillers, and two evaporators, Bureau pattern, with a com- 
bined capacity of 7,500 gallons of potable water at a temperature 
of 90 degrees Fahrenheit per day of 24 hours. The water-service 
pumps are used for the distiller-circulating water. There are two 
distiller feed pumps of the Worthington horizontal, duplex type, 
two combined brine and fresh-water pumps of the same type, and 
two trap pumps of the same type, except that they are vertical. 
There are two filters and two water meters fitted. 

Ice Machine.—There is an Allen dense-air ice machine capable 
of producing the cooling effect of one ton of ice per day; steam 
cylinder, 9 inches, air-compressor cylinder, 5? inches, and air- 
expander cylinder, 4# inches in diameter; stroke, 10 inches. 
The circulating, water and primer pumps are single acting, each 
1 inches in diameter and 10 inches stroke. The cooling pipes 
connect to the ice tank, to the refrigerating room and to the 
scuttle butt. 

Ventilating Fans.—There is in each engine-room hatch a 50- 
inch steel-plate fan, driven by a 12-H.P. electric motor, for 
engine-room ventilation only. For the general ventilation of the 
ship there are eight 50-inch steel-plate fans, located two on the 
berth deck and six on the splinter deck, for supplying air to the 
various parts of the ship. These fans are each driven by 12-H.P. 
electric motors. There are: also three small exhausters driven 
by 3-H.P. electric motors, located two on berth deck and one in 
the steering-engine space, for exhausting air from the crews’ 
W. C., officers’ W. C., and the steering-engine room. All the 
fans were furnished by the Sturtevant Company, and the electric 
driving motors by the General Electric Company. 

Steam Cutters.—There are two steam cutters, one 40 and the 
other 33 feet long. They have Ward boilers, type 5-G-1, round, 
and 5-D, square, respectively, compound engines and keel con- 
densers. The cylinders for the 40-foot cutter are 5 and 10} 
inches in diameter by 8 inches stroke, and those for the 33-foot 
cutter, 4 and 8 inches in diameter by 6 inches stroke. 

Steering Engine—There is a Williamson Bros. combined hand 
and steam-steering engine: cylinder, 14 inches diameter ; stroke, 
11 inches. With the steam gear the rudder can be put from hard 
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over to hard over in 20 seconds when the ship is going full speed. 
The engine is controlled from the conning tower and the pilot 
house by means of a hydraulic telemotor or by wire ropes. 

Steam Windlass.—In the windlass house forward of the for- 
ward turret there is a steam windlass. The engine is reversible, 
double-cylinder, vertical, direct-acting, with cylinders 15 inches 
in diameter and a stroke of 14 inches. The windlass is fitted 
with two wild cats to take the chains. 

Steam Winch.—There isa double-cylinder steam winch in the 
windlass house forward of forward turret. The cylinders are 8 
inches in diameter; stroke, 8 inches. The winch is fitted with 
two drums for taking hawsers. 

Electric Plant.—The installation consists in general of seven 
generating sets, 750 incandescent lights, 4 search lights, 2 sets 
of signalling apparatus, I main switch board, 3 main distributiom 
boards, 7 auxiliary distribution boards, together with the neces- 
sary wire, wiring accessories, molding and fixtures and the motors 
given in table. The seven generating sets were made by the 
General Electric Company. In each set there is a 50-kilowatt 
dynamo of multipolar type, having a capacity of 625 ampéres at 
80 volts, compound-wound, six-pole. The engines driving the 
dynamos are compound, tandem, vertical, inverted; diameter of 
cylinders, 10} and 18 inches; stroke, 8 inches. The engines are 
designed to run with full load at 310 revolutions per minute with 
110 pounds steam pressure. The bed plate is common to both 
engine and dynamo. The incandescent lights are of 16 and 32- 
candle power, designed for 80 volts. 

Each of the dynamos are connected to the main switch board, 
and to the equalizer board. The main switch board, con- 
taining only the panels for the dynamos and lighting and motor 
bus bars, distributes the current to the main distribution boards, 
which contain the switches of lighting circuits and motor feed- 
ers. The auxiliary distribution boards receive current from 
main distribution boards, and are for motors only. 

The ship is wired on the three-wire system, with 80 volts be- 
tween neutral wire and each leg, and 160 volts between outside 
legs. This gives a smaller amount of copper than would be neces- 
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sary in the two-wire system and a wider range in speed of the 
motors, which are generally wound for both 80 and 160 volts. 

There are four search lights, made by the General Electric 
Company, two mounted on a platform on the mainmast and two 
on a platform on the foremast. The projectors are 30 inches in 
diameter, and hand controlled. All lamps are of the horizontal 
type with combination hand or automatic feed, and designed for 
a current of 75 to 90 ampéres at about 50 volts. The carbon 
holders are adjustable and the life of the carbon is six hours. 

The signal apparatus is in two sets, one for each mast, of the 
usual Ardois type, and consists of four double signal lanterns to 
each set, cable connections and key board on the forward and 
after bridges. 

Electric speed indicators and transmitters are fitted in the 
pilot house and in conning tower; also, electric helm indicators 
and electric steering-engine telegraphs. 

There are thermostats in each coal bunker and in certain store 
rooms, with an annunciator on bulkhead forward of cabin. 


ELECTRIC MOTORS. 








Name. o = 3 : 3 
| uw ° uv. 
5 | 2 5 3 g 
Zz = 4 > < 
Upper-deck winches..................s0cesceseees 4 | 25 | 320] 800r160 | 150 
DRA GOO WERGOB ooo cscccncssccernccesescseces 2 25 | 320 | 80 or 160 | I50 
Forward boat cranes..............scsscsesseeeeees 2 | 50 | 400 | 800r 160 | 265 
Pe I I iiiinch cnkccccaneeutineciaesanene’ 2 20 | 350 | 80 or160 | III 
WR Boise cones seccdescnsnianescenscess 10 | 12 | 500 | 80 or 160 | 64 
IN 5445 cioscohadestenrenecedceces 3 3 | 1,030 | 80 35 
I iicithikinscesiniiweniseanee aman 4 50 | 400 | 80 600 
13-inch ammunition hoist,....................+-- 4 20 | 350 | 800r160 | III 
8-inch ammunition hoist...................0000+ e138 1} = 80 or 160 | 37 
5-inch and 6 pdr. chain ammunition hoist..... 10 3-75 | 375 | 800r160|] 22 
6-pounder winch ammunition hoist............ 2 6 375 | 80 or 160 | 37 
SPN MII, vncseneshsstencssesvepesesanesss we | 300 80 30 
RFI SE casi occtnsiccssscicmesesser cones 4 5 775 80 60 


Pneumatic Plant for Torpedoes —There are two 93-inch by 
4-inch duplex torpedo compressors with the three-stage air 
cylinders and-two accumulators. Both compressors and accu- 
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mulators are on the splinter deck, one of each forward and aft. 
The compressors were made by the Rand Drill Company. 


OFFICIAL TRIAL. 


The official full-speed trial of the Kentucky took place over 
the usual course (Cape Ann to Cape Porpoise) on Friday, the 
twenty-fourth of November, 1899, and consisted of two runs, one 
in each direction, over a measured course of thirty-three nautical 
miles. The first run was to the northward, and was with a light 
head wind and moderate sea. The second run was in the opposite 
direction, and was before the wind, the sea being about the same 
as during the run to the northward. 

The mean speed, with corrections for wind, sea and tide applied, 
for the two runs, was 16.897 knots per hour, with a horsepower 
developed by the main engines of 12,081.90. 

During the trial the fire rooms were kept connected, insuring 
equality of air pressure for each boiler. The forced draft system 
worked efficiently and regularly, maintaining a pressure of 
1.02875 inch of water as a mean throughout the four hours of 
the trial. 

The throttle valves were not changed from start to finish, being 
wide open, and the link-blocks of both engines were set so that 
the valves cut off steam at seven-tenths of the stroke. 

Live steam was admitted to the receivers at times, the boiler 
pressure regulating the openings of the valves. 

The speed of the two engines, as will be seen by reference to 
the synopsis, was kept practically together, and the resulting 
horsepower emphasizes that fact. 

The engines, main and auxiliary, worked with the greatest 
regularity and smoothness, there being neither heating of jour- 
nals nor thumping on thecenters. No water was used externally 
on any of the journals save as a measure of ordinary precaution. 
The engines were remarkably free from vibrations, and the hull 
was devoid of all panting or indications of distress. 

Following the return of the ship to the contractor’s works, a 
careful examination was made of the machinery in all details and 
of the boilers, and the entire inspection developed an excellent 
condition throughout. 
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CONTRACT TRIAL DATA. 


Draught of water, beginning of trial, forward, feet and inches,............. 23- 4 
OM, CAGE OE TI iessisconsascnnrecene 23-10 
end of trial, forward, feet and inches.,..............se000- 23- 4 
OPP, GOCE RRM TR cecncnnicinncescsesesienncs 23- 84 
mean, forward, feet and inches,,...........scccccsscscesees 23- 2} 
A i init iniccesecatencstnstemneeneons 23- 9t 
average on trial, feet and inches................++ 23- 5% 
CeO CURD, TOIIE oie nine ca scx cceoecvnnspoenatiansecsnnsesocaneentowsipensd 11,538 
Area immersed midship section, square feet............scccscscsescecsceceeeees . 1,618 
I SE, SE iiss snp ssinseseessiveneinaesitpeaimniinseenibaiaion 33,700 
IE I IG RF Basi cnkcnecacencnocne sonasctheesarunamcasainvncsennauens 16.897 
Radel cg MN I II 0c 5 cp cecintiscesencndenecseumeielehhupsiniansadensaiie 12,081.90 
main engines, air, circulating and feed pumps. (B).............006 12,179.31 
ORE IE FR isis nstecieviceserenctapninatiniotieservensesten wens 12,318.424 
Speed’ X area immersed midship section -+-I.H.P. (B)..........sseeeeeee 643.87 
Speed® « displacement® SMBS. Ci Risccssacendsdsinonniensacsanemecsenanns 203.33 
I.H.P. per 100 square feet wetted surface. (B)...........csececceeseceeeeceeee 34-98 
I GIN, Has cine scm sscasseccicnssoscomsescnnenasqaipcatecessnsions 2 
SMNIGE OF WURGOS GIO iccerccnescecssesonseosesocesnsncqaee ee 3 
Ciena, TARE GE I anise since cotsccccsecesssnsevxs ee 16-9 
helicoidal area, square fcet........0s.0cesccscrccesceccooseces 84.2 
PURER CG CERAT, FORE GE TC inci knccnccccnennescoscnecesece 17- 3 


SYNOPSIS OF STEAM LOG. 


Starboard. Port. 
RE OE DUNN, BE CI ic accsisitcicascerccecacessiiersemseeseosviions 12.93 12.93 
Revolutions of main engines per minute,...............0.ssceeees 114 114 
BN sbarsiniichivctuncceicunesstebees 114 
Piston epee, Giat NEF WIG, 5 inc. .ccscsccensconssvesecenscanencoss gl2 gi2 
Steam pressure (mean) at ENgiNEs............cc0sceccccceccccscees 170.5 163.8 
ent SOCEEOEE, BIE vasa ce scckcccssvesectcsscos 87.4 82.2 
second receiver, absolute..............s.sescseses 30.5 28.8 
Waceenh 1h COMM RMON, THRIIE oo nce cccsssciscessiccsases: senccsenes 25.1 24.8 
SEE WRG: CIN ov cseccciccccoosecizocsconsscnoesecseuensiees Wide. 
OP ccc 692 -693 
Steam cut-off in fraction of stroke from beginning, { eae -70 -70 
on -70 -70 
{ Engine rooms........ 88.1 
Temperatures in degrees Fahrenheit, rs aa = “a 
Feed at tank........ - 149 149 
Air pressure in fire rooms in inches of water.............e0ese0+ 1.02875 
EE i cidiaeneanctonamabeonegatoncuniee 70.69 67.99 
Mean effective pressures, Do asivsnicessceeveusseseedaiesiamnereds 39-97 42.28 
Dil rcédideisevixenectanstoincnenaabeased 16 15.75 
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Starboard. Port. 
Aggregate equivalent pressure referred to L.P. piston......... 45-77 46.20 
[ BE BEF DOIID, cen cesccesescncecace 17.5 17.5 
Revolutions or double | Main circulating pumps............ 138 138 
strokes per minute, Main feed pumps, average......... 34 
Eight forced-draft blowers, av’ge 427 
PO ciatcminexacackntonscrscccuenurtsepsnashasesees 1,678.88 1,613.92 
Bs I abe cusrnctcceriepiepineascieibianasioccedmits 2,231.11 2,359-79 
ee MN cn wari vaiacsponidinisteotiseresinatacteomsnasal 2,102.50 2,095.70 
Collective, each main engine..................ceeeeees 6,012.49 6,069.41 
BN Ue I ING i sasccscvcssccsasssseeceqesepicoss 8.2170 6.162 
LILP. 4 Se NN NNN S icienscsesinacussoscienbenoconse 7.8332 11.2414 
Four main boiler feed pumps................sscseceees 56.328 
Eight forced-draft blowers.............ccsssccsssecseees 61.264 : 
eT HI hci dannies dctnestcscccsapexessaciesanciere 85.579 
Collective, main engines, air, feed and circulating 
RNS oI his ooiac cine thisnaiioniiencatedeiiadainort 12,179.31 
\ Total all machinery in use............cccccccseeeeeeeees 12,318.424 
Square feet cooling surface (2) main condensers............... 14,100 
per I.H.P. main engines......... 1.16 
III OO soo ss ennete es <eaniconkssacencinesevecens 22,103.8 
EN TT I a toe emmenephaeroeaeeees 684.8 
Square feet total H.S. per total 1.H.P............cccssescscccseeee 1.793 
I.H.P. per square foot grate surface, total.............cceseeeeees 18 
Nai conicehikund-cbhcnnsesnacscnes tentensens II.19 
ee i od vciccsan sdncsocexesthvebsineeborsikess New River (picked). 
I NN ions ccs dn acciusicacenmanemecesavevaeies 32,391.8 
SNe og Se PUG i cnccdnentsesscsncecteterasssseese 2.6295 
main engine, auxiliary, circulating and 
Fe BI secs eteckesdacsueducctantenens 2.6590 
equare fect erate SUBIAC®........0sccccorecccossceesese 47-31 


heating surface 
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THE BUILDING OF BENT-TUBE BOILERS. 25 


PRACTICAL DATA RELATING TO THE BUILDING 
OF BENT-TUBE BOILERS. 


By Joun Pratt, Associate MEMBER. 


The extended use of bent-tube boilers in our Navy brings to 
the fore the question of the mechanical appliances necessary for 
their economical production, and in giving a general description 
of the plan adopted in the laying out and building of these boilers, 
a Thornycroft boiler, generally known as the “ Daring” type, has 
been selected as an example. 

In the preparation of the barrels or drums the tube holes are 
drilled truly radial, and reamed out accurately with gages. The 
burrs are then taken off by means of a tool formed out of the 
tag end ofa file: (See Fig. I.) This tool is run round the hole two 
or three times, and takes the burrs off both inside and outside 
simultaneously. 

The flanged heads are always made thick enough to allow of 
being machined where the different fittings are to be placed, the 
flange thus fitting against a flat surface; this being done, and 
the barrels otherwise finished, the upper and lower center barrels 
are fixed in their correct relative positions ready to receive the 
downtakes. For this purpose, a roughly-constructed frame is 
used. (See Fig. II.) 

The lower barrel rests on two blocks and the upper one on the 
distance pieces shown. 

Should the barrels not be truly cylindrical they will not lie 
evenly on the distance pieces, and it will be necessary to true 
them up. At this point great care should be taken to insure the 
proper distances apart of the barrel centers. 

The shores AA are bolted at the upper ends to the top barre} 
through the tube holes, and the bottom ends are adjusted along 
the timbers C until the centers of the barrels are plumb over 
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each other, and then spiked down. Other shores may be placed 
at B, as shown, if necessary to secure steadiness. The top barrel 
is kept in position longitudinally by cross bracing D. 

It is important that the framing should be firm and steady, as 
considerable force is often required to get the downtakes in place. 

3. Marking off Downtakes.—These downtakes are the 43-inch 
tubes connecting the upper and lower center drums in the Daring 
type of boiler used in the United States destroyers. <A sheet- 
iron template is made, having the same outline as the downtakes, 
but somewhat longer. (See Fig. III.) It is placed in the holes in 
the barrels and the lengths of the downtakes scribed upon it, 
taking care to allow for the tubes projecting } inch beyond the 
plates of both barrels. (Note——The } inch is measured at the 
sides of the hole, and the template will therefore project further. 
See Fig. IV.) 

A scribing is taken for every downtake, as their lengths may 
sometimes vary. The lengths thus obtained are marked on the 
downtakes which have been previously bent. The ends are then 
cut off by a band saw, and the burrs filed off. It is then ascer- 
tained if an expander will enter freely. 

Expanding Downtakes—Commencing with the front end 
downtake, put the top end into its hole in the upper barrel, and 
tap it in with a mallet until it projects about one inch through, 
holding the downtake in the position shown on Fig. V. It is 
then turned a quarter round in the upper hole, bringing its 
lower end over the corresponding hole in the bottom barrel. It 
may now be dropped into the lower hole, a mallet being applied 
to the upper end. The ends should be left projecting } inch 
into the interiors of the barrels. (See Fig. IV.) 

Place the next downtake in position, and continue with the 
others, the back end one being placed last. 

Now see that the barrels have not moved out of position, or if 
so, make correction and proceed with expanding, commencing 
with the front end tube and finishing with the back end one. 

A line should be scribed on each downtake just outside the 
barrel plate and carefully observed during expanding, so that any 
movement of the tube in its hole may be detected and the tube 
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brought back to its original position by means of a mallet, before 
proceeding further with the expanding. 

The downtakes may be expanded at both ends simultaneously. 

It is a great mistake to over-expand the tubes, as this will 
render them brittle. After a little experience it is known, by the 
force required, when the expanding has gone far enough, but fail- 
ing such experience it is safe to stop expanding when a shoulder 
can be just felt inside the tube. (See Fig. VI.) 

Supporting Barrels while Fixing Generating Tubes.—Having 
expanded all the downtakes, the distance pieces supporting the 
boiler are removed, and the framing shown on Fig. VII, is sub- 
stituted. 

The timber 7 is adjusted so that its inside face is square with 
the center lines of the barrels and flush with a line joining the 
outside of the end tube holes. 

Expanding Generating Tubes—The generating tubes may now 
be inserted,* they having been previously bent, cut to length, all 
burrs removed, tested, galvanized on the outside, and the ends 
trued up with inside and outside reamers. 

Commencing with the front end tubes of A row (Fig. VII‘), 
the bottom end should be put into its hole first, using a mallet, 
and leaving } inch projecting inside the lower barrel. Then in- 
sert the top end, leaving a like projection, and bring the tube 
into contact with the timber 7. (Fig. VII.) 

The tube will have to be sprung a little to be got into the holes. 
Great care must be taken that both ends of the tubes arein their 
proper holes, ¢. g. that the end tubes of row A, Fig. VII\, are in 
the end holes of row A. 

Having placed a front end tube of row J in position, next put 
in a B tube, and continue with A and B tubes alternately, build- 
ing up a wall of tubes until the back end one is in place. If the 
right holes have been used, it will then be found that all the 
holes in rows A and B of both barrels are filled with tubes. 

If the holes have not been correctly taken, it will be found 
that there is no hole left for one end of.the last tube, and there- 





*Before inserting the ends of tubes or downtakes, they, and the holes into which 
they are to be expanded, should be wiped with turpentine to remove grease and dirt. 
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fore the whole of the tubes must be taken out and placed in 
their proper holes. 

It is immaterial whether or not the whole of the A and B tubes 
on one side are put in place before commencing on the other side, 
or whether both sides are proceeded with together. 

All the tubes in rows A and B being now in place, the angle 
bars £, F, shown on Fig. VII‘, are clamped along them with bolts 
at each end. If the boiler is a long one, an extra bolt is put at 
the center of the angle bars, a tube having been left out to allow 
of this. These clamps help to keep the tubes in place while 
expanding. 

The tubes may now be expanded, beginning at the front end 
and taking the A and B tubes alternately. 

Similar precautions should be observed against tubes moving 
in the holes, and against over-expanding, as in the case of the 
downtakes. 

It is only when two rows of tubes form a “ wall” that they are 
taken together. (The wall next the casing is an exception. See 
Expanding Generating Tubes in the Wing Barrels.) 

In other cases the tubes entering one row only of holes in the 
lower barrel are taken, and in order to insure the proper spacing 
of the tubes throughout their length, pieces of wood packing of 
a thickness equal to the intended spaces are inserted between 
the tubes in about the positions shown on Fig. VII*. 

Care should be taken that the back end tubes in each row are 
square across the barrels, as otherwise the casing and uptake 
will not fit properly. It is also advisable that about every tenth 
tube should be tried as to “ squareness,” so that minute errors 
in the spacing may be detected and a large accumulated error 
avoided. 

Owing to the closeness of the tubes, it is sometimes difficult 
to get a good hold for springing or forcing them into position. 
In such cases a piece of cord tied around the tube, with a loop at 
the end will be found a great help. By passing a rod through this, 
and placing one end against any convenient fulcrum, such as a 
tube hole, the action of the mallet may be assisted. (See Fig. X.) 
Following this procedure, the whole of the tubes having their 
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lower ends in the bottom barrel may now be inserted and ex- 
panded. The last two rows forming the fire-box wall are treated 
similarly to rows A and B, except that the angle-bar clamps can- 
not be used, and these give place to the arrangement shown by 
Fig. VII®, where / is a strip of wood placed between the tube wall 
H and the row of tubes G. Another strip is placed along the 
outside and shored up, clamping the tube wall between the two 
strips. 

Wing Barrels—The wing barrels should now be placed in 
their correct positions on each side of the lower central barrel. 

The distances apart of their centers are maintained by the 
clips KK’, K” and struts LZ’, shown on Fig. VIII, and they 
are wedged up on their supporting blocks until their centers 
are level with that of the lower central barrel. 

Expanding Generating Tubes in the Wing Barrels ——The placing 
and expanding of the tubes in the wing barrels should proceed 
on the same lines as for the center barrel, with the following 
exceptions : 

If there is a fire-box wall, angle-bar clamps should be used, 
the same as for rows A and B, but for the outer wall wood strips 
and shores may be necessary. (See Figs. VII® and VIII®.) 

The rows of tubes forming the outside wall are not inserted 
and expanded together. The whole of the inner row should be 
expanded before the outer one is in place, and the outer tubes 
are expanded one by one as they are put in place. This is done 
so as always to leave an empty tube hole, which is used as a 
sight hole, close by the tube being expanded. 

We now come to the question of the methods adopted in the 
expanding ofthe tubes. As before stated, the holes are, or should 
be, parallel and circular, and should on no account taper in such 
a direction as to facilitate the withdrawal of the tubes. 

Ordinary roller expanders are used, with taper mandrels, the 
rollers being also tapered sufficiently to cause the expander to leave 
a cylindrical hole. The axles of the rollers are set at a slight 
angle so as to feed the mandrel forward when rotating. (See 
Fig. 1X.) This angle is purposely exaggerated; in practice it is 
only about 1.75 degrees. 
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32 THE BUILDING OF BENT-TUBE BOILERS. 

There is a risk, with cylindrical rollers, of a workman judging 
(by feel) that expanding has gone far enough when, in reality, he 
has only partly filled the hole in the tube plate. 

There should be a distinct enlargement in the tube if the ex- 
panding has been properly performed. 

The present English practice is to make the small tubes pro- 
ject } inch beyond the plates, and to rely upon good expanding 
in every case to hold the tubes in the plate. 

In connection with the holding power of boiler tubes expanded 
in various ways, we would refer to “ London Engineering,” Vol. 
XXIV, pp. 199, 202 and 335, and Vol. LV, p.1. From the ex- 
periments there recorded it appears that, though beading does 
add considerably to the holding power of tubes, the strength of 
the attachment due to simple expanding, if properly carried out, 
is amply sufficient to withstand any force due to pressure, etc., 
likely to come upon them. 

Experiments were made with crowbars upon tubes expanded 
in the ordinary manner, and it was found that a 1-inch bar could 
be bent without in any way dislodging a tube, and that when, 
with the aid of several men, using powerful levers, a tube was 
withdrawn, the force required was so great that the tube was in 
all instances bent out of shape and more or less crumpled up. 
Notwithstanding this fact, it is recommended that as an extra 
precaution, the ends of the tubes be trumpeted ; this can be done 
by carefully drifting, or by the use of a special expander. 

Tube Bending.—Tube bending is referred to separately, so that 
a description of the machine necessary for economical working 
can be given. 

It is, of course, quite possible to bend all the tubes necessary 
upon a bending table, with a simple lever wheel and forms; and 
where it is only a question of building a single boiler, this plan 
is usually adopted. 

Fig. XI shows a plan of the method of bending adopted by 
Messrs. W. D. Forbes & Co., who have built a number of bent- 
tube boilers for use in the United States Navy; it consists of a 
bending table, A, filled with slots or holes, for bolting down 
formers. A metal former, 2, of the desired radius, is bolted in 
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Fig Xl. 
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the pcsition shown. The tube to be bent is held in place by a 
plug, C, piaced in the end of the tube. The arm J, fitted with 
adjustable roller Z, is swung into position, and by means of a 
lever is rotated till the tube is bent to the desired position, 7. A 
second former, G, is then placed as required to give the bend at 
the other end of the tube, the lever being used as in the first 
operation. 

When curves of a large radius have to be made a wooden 
former is worked out of the necessary shape. A rod, with the 
end rounded so as not to injure the inside, is placed in the tube, 
the projecting end being long enough to form a lever; the tube 
is then pulled round the former, the rod being withdrawn gradu- 
ally as the bend is made. 

A system of trial and error has to be used to find the correct 
position of the formers to allow for the spring of the tubes. 

Where a large number of tubes of a given shape have to be 
made special forms for each tube are provided, and bending is 
done economically on a special machine. 

The machine used at the New York and Norfolk Navy Yards 
was manufactured by Messrs. The Pedrick & Ayer Co., under the 
patents of the late Mr. John Donaldson. 

A photograph of the machine at the New York Navy Yard is 
here given. The machine consists of acast-iron bending table 16 
feet long by 4 feet 6 inches wide, with slots, for holding-down bolts, 
castin. A swinging arm, 2, worked by worm and spur gearing is 
provided for the main bend in any given tube. Itis so arranged 
that it can be adjusted in either direction for position on the table. 
Around the center from which the arm is swung a former for the 
given radius to which the tube has to be bent is fixed. A cross 
slide in the bed plate, to the right of the main arm, operated by 
a screw-and-bevel gear, carries circular formers A. This is used 
for the deep central bend in tubes for boilers as of the Speedy 
class. At each end of the bed adjustable slides, worked by worm 
gearing, give the necessary bends at the ends of the tubes. 

As there are a large number of similar tubes in a single boiler 
of this class, say over thirty on each side in each numbered row, 
the particular form of a tube of each special bend, or numbered 
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row, is laid out in full size on a board or metal plate, from the 
drawing. A template made of }-inch iron wire is bent corre- 
sponding to the center line of each shape; and, in turn, each 
template is used to adjust the various formers and vises on the 
table for that particular set of tubes, and from this setting all the 
tubes of that shape are bent. With this machine two tubes are 
bent at once, and the rapidity and exactness with which this is 
accomplished amply repays the builder for the preparations 
necessary where complete sets are needed. 

With some shapes quite a number of formers are necessary, 
but they are readily made of cast iron, and can be kept on hand 
for an indefinite time for subsequent use. While the first bent 
tube of each set may show some deviation from the full-sized 
drawing as laid out, the necessary readjustment of formers are 
at once evident and can be quickly made, with the assurance that 
all the set will then be bent exactly as desired and with absolute 
uniformity, except where difference in degree of annealing shows 
some greater spring in individual tubes. This is readily cor- 
rected by a special hand vise used at the template table. Each 
tube after being bent is laid over the outline scribed on the tem- 
plate plate to insure accuracy of shape before trimming the ends. 
When the tube lies exactly over the outline as scribed on the 
plate, the ends are marked off from the outline on the plate, and 
the tubes taken to the cutting-off machine. 

Cutting Off—The bent tubes are cut to exact lengths, either 
by means of a revolving tool or a mechanical hack saw. 

The bent tube is set in a stationary frame, the end to be cut 
being passed through a gripping vice on the bed of the machine, 
the tube being held firmly in place byalever. Revolving cutters 
carried by a special chuck in the lathe head are automatically 
fed in, the end of the tube being cut off. 

Another machine is provided for taking off the sharp corners 
left by the cutting-offmachine. The tube is simply pressed against 
a revolving cutter head which takes the burs off both the inside 
and outside edges of the tube. 

Testing.—The tubes are then taken to the testing machine. 

This machine consists of a pair of adjustable heads, fitted with 
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water connections, and means for quickly clamping the tube in 
place and making a water-tight joint at each end of the tube. 
The machine is so made that the connections can be adjusted to 
fit any shape of tube. Low-pressure water from a tank or city 
water is used to fill up the tube, the final pressure of 1,500 pounds 
per square inch being put on after the tube is filled up. After 
the pressure has been put on and the tube tested, the pressure 
is relieved and water allowed to run out into the funnel-shaped 
heads, and from there is run back to the pumping tank. The 
tubes are then stacked under their respective marks ready to be 
placed in the boiler. 
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CODE OF 1899—FOR CONDUCTING STEAM BOILER 
TRIALS. 


At the last meeting of the American Society of Mechanical 
Engineers a revised code for conducting steam boiler trials was 
adopted and termed The Code of 1899. This new code was the 
result of the careful revision of the code of 1885 by a special 
committee, composed of Chas. E. Emery, Wm. Kent, Geo. H. 
Barrus, Chas. T. Porter, Robert H. Thurston, Robert W. Hunt, 
F. W. Dean, J. S. Coon, Wm. B. Potter. While the complete 
report accompanying the new code is too voluminous for repro- 
duction here, the code itself, with a few selections from the 
preamble and the appendices, are desirable for the files of the 
JOURNAL. 

In the preamble the Committee states that the changes are 
mainly in the line of amendments such as the experience of the 
last thirteen years has shown to be desirable. The amendments 
relate to the use of improved steam calorimeters, to sampling 
coal and determining its moisture, to calorific tests and analysis 
of coal, to analysis of flue gases, to smoke observations, to deter- 
ninations of efficiency, and to methods of working out the ‘ heat 
balance.’ 

The tabular form of presenting the results of the test is some- 
what changed and enlarged, and alterations in the text of the 
Code are made wherever needed. At the same time a second or 
‘short form’ of report is added, for use in commercial tests or 
in cases where it is necessary to give only the principal data and 
results. 

In the matter of instruments for determining the calorific 
value of fuel, it seems desirable that the committee should make 
a recommendation which is as specific as present knowledge and 
circumstances will warrant. It is agreed that some form of 
calorimeter in which the coal is burned in an atmosphere of 
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oxygen gas is to be preferred, and it is generally held that the 
most perfect apparatus thus far brought out is the Bomb Calori- 
meter, originally designed by Berthelot and modified by Mahler 
and Hempel. Several of these instruments are in use in this 
country, principally in the laboratories of engineering schools ; 
but the apparatus is complicated and expensive, and it is not 
probable that many engineers will have the instrument as a part 
of their equipment for testing boilers. It is recommended, there- 
fore, that samples of the coal used in testing boilers be sent for 
determinations of their heating value, to a testing laboratory pro- 
vided with one of these instruments, or with some instrument 
which shall be proven to be equally good. (Article XVII, 
Code.) * 

The committee approves the conclusions of the 1885 Code to 
the effect that the standard “ unit of evaporation” should be one 
pound of water at 212 degrees Fahrenheit evaporated into dry 
steam of the same temperature. This unit is equivalent to 965.7 
British thermal units. 

Thecommittee recommends that, as far as possible, the capacity 
of a boiler be expressed in terms of the “number of pounds of 
water evaporated per hour from and at 212 degrees.” It does 
not seem expedient, however, to abandon the widely-recognized 
measure of capacity of stationary or land boilers expressed in 
terms of “ boiler horsepower.” 

The unit of commercial boiler horsepower adopted by the com- 
mittee of 1885 was the same as that used in the reports of the 
boiler tests made at the Centennial Exhibition in 1876. The 
committee of 1885 reported in favor of this standard in language 
of which the following is an extract: 

“Your committee, after due consideration, has determined to 
accept the Centennial standard, and to recommend that in all 
standard trials the commercial horsepower be taken as an evapo- 
tation of 30 pounds of water per hour from a feed-water tem- 
perature of 100 degrees Fahrenheit. into steam at 70 pounds 
gage pressure, which shall be considered to be equal to 344 units 
of evaporation ; that is, to 344 pounds of water evaporated from 
a feed-water temperature of 212 degrees Fahrenheit into steam at 
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the same temperature. This standard is equal to 33,305 thermal 
units per hour.” 

The present committee accepts the same standard, but reverses 
the order of two clauses in the statement, and slightly modifies 
them to read as follows: 

The unit of commercial horsepower developed by a boiler 
shall be taken as 34} units of evaporation per hour; that is, 34} 
pounds of water evaporated per hour from a feed-water temper- 
ature of 212 degrees Fahrenheit into dry steam ofthe same tem- 
perature. This standard is equivalent to 33,317 British thermal 
units per hour. It is also practically equivalent to an evapora- 
tion of 30 pounds of water from a feed-water temperature of 100 
degrees Fahrenheit into steam at 70 pounds gage pressure. 

The committee also endorses the statement of the committee 
of 1885 concerning the commercial rating of boilers, changing 
somewhat its wording, so as to read as follows: 

A boiler rated at any stated capacity should develop that 
capacity when using the best coal ordinarily sold in the market 
where the boiler is located, when fired by an ordinary fireman, 
without forcing the fires, while exhibiting good economy; and, 
further, the boiler should develop at least one-third more than 
the stated capacity when using the same fuel and operated by 
the same fireman, the full draft being employed and the fires 
being crowded; the available draft at the damper, unless other- 
wise understood, being not less than } inch water column. 


RULES FOR CONDUCTING BOILER TRIALS—CODE OF 1899. 


I, Determine at the outset the specific object of the proposed 
trial, whether it be to ascertain the capacity of the boiler, its 
efficiency as a steam generator, its efficiency and its defects under 
usual working conditions, the economy of some particular kind 
of fuel, or the effect of changes of design, proportion or opera- 
tion; and prepare for the trial accordingly. 

Il. Examine the boiler, both outside and inside; ascertain the 
dimensions of grates, heating surfaces, and all important parts; 
and make a full record, describing the same, and illustrating 
special features by sketches. The area of heating surface is to 
be computed from the surfaces of shells, tubes, furnaces and fire- 
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boxes in contact with the fire or hot gases. The outside diam- 
eter of water tubes and the inside diameter of fire tubes are to 
be used in the computation. All surfaces below the mean water 
level which have water on one side and products of combustion 
on the other are to be considered as water-heating surface, and 
all surfaces above the mean water-level which have steam on 
one side and products of combustion on the other are to be 
considered as superheating surface. 

III. Notice the general condition of the boiler and its equipment, 
and record such facts in relation thereto as bear upon the objects 
in view. 

If the object of the trial is to ascertain the maximum economy 
or capacity of the boiler as a steam generator, the boiler and alk 
its appurtenances should be put in a first-class condition. Clean 
the heating surface inside and outside, remove clinkers from 
the grates and from the sides of the furnace. Remove all dust, 
soot and ashes from the chambers, smoke connections and flues. 
Close air leaks in the masonry and poorly fitted cleaning doors. 
See that the damper will open wide and close tight. Test for 
air leaks by firing a few shovels of smoky fuel and immediately 
closing the damper, observing the escape of smoke through the 
crevices, or by passing the flame of a candle over cracks in the 
brickwork. 

1V. Determine the character of the coal to be used. For tests 
of the efficiency or capacity of the boiler for comparison with 
other boilers the coal should, if possible, be of some kind which 
is commercially regarded as a standard. For New England and 
that portion of the country east of the Allegheny Mountains, 
good anthracite egg coal, containing not over 10 per cent. of 
ash, and semi-bituminous Clearfield (Pa.), Cumberland (Md.), and 
Pocahontas (Va.) coals are thus regarded. West of the Alle- 
gheny Mountains, Pocahontas (Va.) and New River (W. Va.) 
semi-bituminous, and Youghiogheny or Pittsburg bituminous 
coals are recognized as standards.* There is no special grade 





* These coals are selected because they are about the only coals which possess the 
essentials of excellence of quality, adaptability to various kinds of furnaces, grates, 
boilers and methods of firing, and wide distribution and general accessibility in the 
markets, 














CODE OF 1899 FOR BOILER TRIALS. 41 


of coal mined in the Western States which is widely recognized 
as of superior quality or considered as a standard coal for boiler 
testing. Big Muddy lump, an Illinois coal mined in Jackson 
County, Ill., is suggested as being of sufficiently high grade to 
answer these requirements in districts where it is more con- 
veniently obtainable than the other coals mentioned above. 

For tests made to determine the performance of a boiler with 
a particular kind of coal, such as may be specified in a contract 
for the sale of a boiler, the coal used should not be higher in 
ash and in moisture than that specified, since increase in ash 
and moisture above a stated amount is apt to cause a falling off 
of both capacity and economy in greater proportion than the 
proportion of such increase. 

V. Establish the correctness of all apparatus used in the test 
for weighing and measuring. These are: 

1. Scales for weighing coal, ashes and water. 

2. Tanks, or water meters for measuring water. Water me- 
ters, as a rule, should only be used as a check on other meas- 
urements. For accurate work the water should be weighed or 
measured in a tank. 

3. Thermometers and pyrometers for taking temperatures of 
air, steam, feed water, waste gases, etc. 

4. Pressure gages, draught gages, etc. 

The kind and location of the various pieces of testing ap- 
paratus must be left to the judgment of the person conducting 
the test; always keeping in mind the main object, z¢., to obtain 
authentic data. 

VI. See that the boiler is thoroughly heated before the trial, to 
its usual working temperature. If the boiler is new and of a 
form provided with a brick setting, it should be in regular use 
at least a week before the trial, so as to dry and heat the walls. 
If it has been laid off and become cold, it should be worked 
before the trial until the walls are well heated. 

VII. The boiler and connections should be proved to be free from 
leaks before beginning a test, and all water connections, includ- 
ing blow and extra feed pipes, should be disconnected, stopped 
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with blank flanges, or bled through special openings beyond the 
valves, except the particular pipe through which water is to be 
fed to the boiler during the trial. During the test the blow-off 
and feed pipes should remain exposed to view. 

If an injector is used, it should receive steam directly through 
a felted pipe from the boiler being tested.* 

If the water is metered after it passes the injector, its temper- 
ature should be taken at the point where it leaves the injector. 
If the quantity is determined before it goes to the injector, the 
temperature should be determined on the suction side of the in- 
jector, and if no change of temperature occurs other than that 
due to the injector, the temperature thus determined is properly 
that of the feed water. When the temperature changes between 
the injector and the boiler, as by the use of a heater or by radi- 
ation, the temperature at which the water enters and leaves the 
injector and that at which it enters the boiler should all be taken. 
In that case the weight to be used is that of the water leaving 
the injector, computed from the heat units if not directly meas- 
ured, and the temperature, that of the water entering the boiler. 

Let w = weight of water entering the injector. 

x = weight of steam entering the injector. 

h, = heat units per pound of water entering injector. 

h, = heat units per pound of steam entering injector. 

h, = heat units per pound of water leaving injector. 
Then, w + «= weight of water leaving injector. 





See that the steam main is so arranged that water of condensa- 
tion cannot run back into the boiler. 





*In feeding a boiler undergoing test with an injector taking steam from another 
boiler, or from the main steam pipe from several boilers, the evaporative results may 
be modified by a difference in the quality of the steam from such source compared 
with that supplied by the boiler being tested, and in some cases the connection to the 
injector may act as a drip for the main steam pipe. If it is known that the steam 
from the main pipe is of the same pressure and quality as that furnished by the boiler 
undergoing the test, the steam may be taken from such main pipe. 
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VIII. Duration of the Test-—For tests made to ascertain either 
the maximum economy or the maximum capacity of a boiler, 
irrespective of the particular class of service for which it is regu- 
larly used, the duration should be at least 10 hours of continuous 
running. If the rate of combustion exceeds 25 pounds of coal 
per square foot of grate surface per hour, it may be stopped when 
a total of 250 pounds of coal has been burned per square foot of 
grate. 

In cases where the service requires continuous running for the 
whole 24 hours of the day, with shifts of firemen a number of 
times during that period, it is well to continue the test for at 
least 24 hours. 

When it is desired to ascertain the performance under the 
working conditions of practical running, whether the boiler be 
regularly in use 24 hours a day or only a certain number of 
hours out of each 24, the fires being banked the balance of the 
time, the duration should not be less than 24 hours, 

IX. Starting and Stopping a Test.-—The conditions of the boiler 
and furnace in all respects should be, as nearly as possible, the 
same at the end as at the beginning of the test. The steam pres- 
sure should be the same; the water level the same; the fire upon 
the grates should be the same in quantity and condition; and 
the walls, flues, etc., should be of the same temperature. Two 
methods of obtaining the desired equality of conditions of the fire 
may be used, viz: those which were called in the Code of 1885 
“the standard method” and “the alternate method,” the latter 
being employed where it is inconvenient to make use of the 
standard method.* 

X. Standard Method of Starting and Stopping a Test.—Steam 
being raised to the working pressure, remove rapidly all the fire 
from the grate, close the damper, clean the ash pit, and as quickly 
as possible start a new fire with weighed wood and coal, noting 





*The committee concludes that it is best to retain the designations “standard” and 
“ alternate,’”’ since they have become widely known and established in the minds of 
engineers and in the reprints of the Code of 1885. Many engineers prefer the “ alter- 
nate” to the “standard” method on account of its being less liable to error due to 
cooling of the boiler at the beginning and end of a test. 
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the time and the water level* while the water is in a quiescent 
state, just before lighting the fire. 

At the end of thestest remove the whole fire, which has been 
burned low, clean the grates and ash pit, and note the water 
level when the water is in a quiescent state, and record the time 
of hauling the fire. The water level should be as nearly as pos- 
sible the same as at the beginning of the test. If it is not the 
same, a correction should be made by computation, and not by 
operating the pump after the test is completed. 

XI. Alternate Method of Starting and Stopping a Test—The 
boiler being thoroughly heated by a preliminary run, the fires 
are to be burned low and well cleaned. Note the amount of 
coal left on the grate as nearly as it can be estimated; note the 
pressure of steam and the water level. Note the time, and 
record it as the starting time. Fresh coal which has been 
weighed should now be fired. The ash pits should be thor- 
oughly cleaned at once after starting. Before the end of the 
test the fires should be burned low, just as before the start, and 
the fires cleaned in such a manner as to leave a bed of coal on 
the grates of the same depth, and in the same condition, as at 
the start. When this stage is reached, note the time and record 
it as the stopping time. The water level and steam pressures 
should previously be brought as nearly as possible to the same 
point as at the start. If the water level is not the same as at 
the start, a correction should be made by computation, and not 
by operating the pump after the test is completed. 

“XII. Uniformity of Conditions —In all trials made to ascertain 
maximum economy or capacity, the conditions should be main- 
tained uniformly constant. Arrangements should be made to 
dispose of the steam so that the rate of evaporation may be kept 
the same from beginning toend. This may be accomplished in 
a single boiler by carrying the steam through a waste steam 
pipe, the discharge from which can be regulated as desired. In 





* The gage glass should not be blown out within an hour before the water level is 
taken at the beginning and end of a test, otherwise an error in the reading of the water 
level may be caused by a change in the temperature and density to the water in the 
pipe leading from the bottom of the glass into the boiler. 
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a battery of boilers, in which only one is tested, the draft may 
be regulated on the remaining boilers, leaving the test boiler to 
work under a constant rate of production. 

Uniformity of conditions should prevail as to the pressure of 
steam, the height of water, the rate of evaporation, the thickness 
of fire, the times of firing and quantity of coal fired at one time, 
and as to the intervals between the times of cleaning the fires. 

The method of firing to be carried on in such tests should be 
dictated by the expert or person in responsible charge of the 
test, and the method adopted should be adhered to by the fire- 
man throughout the test. 

XIII. Keeping the Records —Take note of every event con- 
nected with the progress of the trial, however unimportant it 
may appear. Record the time of every occurrence and the 
time of taking every weight and every observation. 

The coal should be weighed and delivered to the fireman in 
equal proportions, each sufficient for not more than one hour’s 
run, and a fresh portion should not be delivered until the pre- 
vious one has all been fired. The time required to consume 
each portion should be noted, the time being recorded at the 
instant of firing the last of each portion. It is desirable that at 
the same time the amount of water fed into the boiler should 
be accurately noted and recorded, including the height of the 
water in the boiler, and the average pressure of steam and tem- 
perature of feed during the time. By thus recording the amount 
of water evaporated by successive portions of coal, the test may 
be divided into several periods if desired, and the degree of 
uniformity of combustion, evaporation and economy analyzed 
for each period. In addition to these records of the coal and 
the feed water, half-hourly observations should be made of the 
temperature of the feed water, of the flue gases, of the external 
air in the boiler room, of the temperature of the furnace when a 
furnace pyrometer is used, also of the pressure of steam and of 
the readings of the instruments for determining the moisture in 
the steam. A log should be kept on properly prepared blanks 
containing columns for record of the various observations. 
When the “standard method” of starting and stopping the 
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test is used, the hourly rate of combustion and of evaporation 
and the horsepower should be computed from the records taken 
during the time when the fires are in active condition. This time 
is somewhat less than the actual time which elapses between the 
beginning andend of the run. The loss of time due to kindling 
the fire at the beginning and burning it out at the end makes 
this course necessary. 

XIV. Quality of Steam—The percentage of moisture in the 
steam should be determined by the use of either a throttling or 
a separating steam calorimeter. Thesampling nozzle should be 
placed in the vertical steam pipe rising from the boiler. It should 
be made of 3-inch pipe, and should extend across the diameter 
of the steam pipe to within half an inch of the opposite side, 
being closed at the end and perforated with not less than twenty 
}-inch holes equally distributed along and around its cylindrical 
surface, but none of these holes should be nearer than $ inch to 
the inner side of the steam pipe. The calorimeter and the pipe 
leading to it should be well covered with felting. Whenever 
the indications of the throttling or separating calorimeter show 
that the percentage of moisture is irregular, or occasionally in 
excess of three per cent., the results should be checked by a 
steam separator placed in the steam pipe as close to the boiler 
as convenient, with a calorimeter in the steam pipe just beyond 
the outlet from the separator. The drip from the separator 
should be caught and weighed, and the percentage of moisture 
computed therefrom added to that shown by the calorimeter. 

Superheating should be determined by means of a thermo- 
meter placed in a mercury well inserted in the steam pipe. The 
degree of superheating should be taken as the difference between 
the reading of the thermometer for superheated steam and the 
readings of the same thermometer for saturated steam at the 
same pressure as determined by a special experiment, and not 
by reference to steam tables. 

XV. Sampling the Coal and Determining tts Moisture—As 
each barrow load or fresh portion of coal is taken from the coal 
pile, a representative shovelful is selected from it and placed in 
a barrel or box in a cool place and kept until the end of the 
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trial. The samples are then mixed and broken into pieces not 
exceeding one inch in diameter, and reduced by the process of 
repeated quartering and crushing until a final sample weighing 
about five pounds is obtained, and the size of the larger pieces 
are such that they will pass through a sieve with 4-inch meshes, 
From this sample two one-quart, airtight, glass preserving jars, 
or -other airtight vessels which will prevent the escape of 
moisture from the sample, are to be promptly filled, and these 
samples are to be kept for subsequent determinations of moisture 
and of heating value and for chemical analyses. During the 
process of quartering, when the sample has been reduced to 
about 100 pounds, a quarter to a half of it may be taken for an 
approximate determination of moisture. This may be made by 
placing it in a shallow iron pan, not over three inches deep, 
carefully weighing it, and setting the pan in the hottest place 
that can be found on the brickwork of the boiler setting or flues, 
keeping it there for at least twelve hours, and then weighing it. 
The determination of moisture thus made is believed to be ap- 
proximately accurate for anthracite and semi-bituminous coals, 
and also for Pittsburg or Youghiogheny coal; but it cannot be 
relied upon for coals mined west of Pittsburg, or for other coals 
containing inherent moisture. For these latter coals it is im- 
portant that a more accurate method be adopted. The method 
recommended by the committee for all accurate tests, whatever 
the character of the coal, is described as follows: 

Take one of the samples contained in the glass jars, and sub- 
ject it to a thorough air drying, by spreading it in a thin layer 
and exposing it for several hours to the atmosphere of a warm 
room, weighing it before and after, thereby determining the 
quantity of surface moisture it contains, Then crush the whole 
of it by running it through an ordinary coffee mill adjusted so 
as to produce somewhat coarse grains (less than ;/, inch), thor- 
oughly mix the crushed sample, select from it a portion of from 
10 to 50 grams, weigh it in a balance which will easily show a 
variation as small as 1 part in 1,000, and dry it in an air or sand 
bath at a temperature between 240 and 280 degrees Fahrenheit 
for one hour. Weigh it and record the loss, then heat and 
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weigh it again repeatedly, at intervals of an hour or less, until 
the minimum weight has been reached and the weight begins to 
increase by oxidation of a portion of the coal. The difference 
between the original and the minimum weight is taken as the 
moisture in the air-dried coal. This moisture test should prefer- 
ably be made on duplicate samples, and the results should agree 
within 0.3 to 0.4 of I per cent., the mean of the two determinations 
being taken as the correct result. The sum of the percentage 
of moisture thus found and the percentage of surface moisture 
previously determined is the total moisture. 

XVI. Treatment of Ashes and Refuse-—The ashes and refuse 
are to be weighed in a dry state. If it is found desirable to 
show the principal characteristics of the ash, a sample should 
be subjected to a proximate analysis and the actual amount of 
incombustible material determined. For elaborate trials a com- 
plete analysis of the ash and refuse should be made. 

XVII. Clorific Tests and Analysis of Coal_——The quality of the 
fuel should be determined either by heat test or by analysis, or 
by both. 

The rational method of determining the total heat of combus- 
tion is to burn the sample of coal in an atmosphere of oxygen 
gas, the coal to be sampled as directed in Article XV of this 
code. 

The chemical analysis of the coal should be made only by an 
expert chemist. The total heat of combustion computed from 
the results of the ultimate analysis may be obtained by the use 
of Dulong’s formula (with constants modified by recent deter- 


minations), viz: 14,600 C + 62,000 (v3) + 4,000 S, in 


which C, H, O and S refer to the proportions of carbon, hydro- 
gen, oxygen, and sulphur respectively, as determined by the 
ultimate analysis.* 

It is desirable that a proximate analysis should be made, 





*Favre and Silberman gives 14,544 B.T.U. per pound carbon; Berthelot, 14,647 
B.T.U. Favre and Silberman give 62,032 B.T.U. per pound hydrogen; Thomser, 
61,816 B.T.U. 
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thereby determining the relative proportions of volatile matter 
and fixed carbon. These proportions furnish an indication of 
the leading characteristics of the fuel, and serve to fix the class 
to which it belongs. Asan additional indication of the char- 
acteristics of the fuel, the specific gravity should be determined. 

XVIII. Analysis of Flue Gases.—The analysis of the flue gases 
is an especially valuable method of determining the relative 
value of different methods of firing, or of different kinds of fur- 
naces. In making these analyses great care should be taken to 
procure average samples, since the composition is apt to vary 
at different points of the flue. The composition is also apt to 
vary from minute to minute, and for this reason the drawings of 
gas should last a considerable period of time. Where complete 
determinations are desired, the analyses should be entrusted to 
an expert chemist. For approximate determinations the Orsat * 
or the Hempel + apparatus may be used by the engineer. 

For the continuous indication of the amount of carbonic acid 
present in the flue gases, an instrument may be employed which 
shows the weight of the sample of gas passing through it. 

XIX. Smoke Observations.—It is desirable to have a uniform 
system of determining and recording the quantity of smoke pro- 
duced where bituminous coal is used. The system commonly 
employed is to express the degree of smokiness by means of 
percentages dependent upon the judgment of the observer. The 
committee does not place much value upon a percentage method, 
because it depends so largely upon the personal element, but if 
this method is used, it is desirable that, so far as possible, a defi- 
nition be given in explicit terms as to the basis and method em- 
ployed in arriving at the percentage. The actual measurement 
of a sample of soot and smoke by some form of meter is to be 
preferred. 

XX. Miscellaneous.—In tests for purposes of scientific research, 
in which the determination of all the variables entering into the 





*See R.S. Hale’s paper on “ Flue Gas Analysis,” “ Transactions,” Vol. XVIII, 


p- 901. 
+ See Hempel’s “ Methods of Gas Analysis” (Macmillan & Co.). 
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test is desired, certain observations should be made which are in 
general unnecessary for ordinary tests. These are the measure- 
ment of the air supply, the determination of its contained moist- 
ure, the determination of the amount of heat lost by radiation, 
of the amount of infiltration of air through the setting, and (by 
condensation of all the steam made by the boiler) of the total 
heat imparted to the water. 

As these determinations are rarely undertaken, it is not 
deemed advisable to give directions for making them. 

XXI. Calculations of Efficiency.—Two methods of defining and 
calculating the efficiency of a boiler are recommended. They 
are: 

; : Heat absorbed per lb. combustible 
1. Efficiency of the boiler = Cor re value of 1 Ib combustible 
2. Efficiency of boiler and grate = aes a “2 coe 

The first of these is sometimes called the efficiency based on 
combustible, and the second the efficiency based on coal. The 
first is recommended as a standard of comparison for all tests, 
and this is jthe one which is understood to be referred to when 
the word “ efficiency” alone is used without qualification. The 
second, however, should be included in a report of a test, to- 
gether with the first, whenever the object of the test is to deter- 
mine the efficiency of the boiler and furnace together with the 
grate (or mechanical stoker), or to compare different furnaces, 
grates, fuels or methods of firing. 

The heat absorbed per pound of combustible (or per pound 
coal) is to be calculated by multiplying the equivalent evapora- 
tion from and at 212 degrees per pound combustible (or coal) 
by 965.7. 

XXII. The Heat Balance-—An approximate “ heat balance,” 
or statement of the distribution of the heating value of the coal 
among the several items of heat utilized and heat lost may be 
included in the report of a test when analyses of the fuel and of 
the chimney gases have been made. It should be reported in 
the following form: 











CODE OF 1899 FOR BOILER TRIALS. 5! 


HEAT BALANCE, OR DISTRIBUTION OF THE HEATING VALUE OF THE 
COMBUSTIBLE. 








wiphcstsslairebiaaciiiles | B.T.U. | Per cent. 





1. Heat absorbed by the boiler evaporation from 
and at 212 degrees per pound of combustible 
Me OG cee cerctedicusemiabansantocessatktennerssiincapelabatie: 
2. Loss due to moisture in coal = per cent. of moist- 
ure referred to combustible + 100 & [(212—2Z) | 
+- 966 +- 0.48 (7-- 212)]. ¢== temperature of air 
in the boiler room, 7 = that of the flue gases.....| 
3. Loss due to moisture formed by the burning of | 
hydrogen = per cent. of hydrogen to combusti- 
ble +100 X 9 X [(212 —?#) + 966+-0.48( 7—212)]..| 
4.* Loss due to heat carried away in the dry chimney | 
gases = weight of gas per pound of combustible 
pg Le a Ne . SERRE eee ener eee Sees 
5.t Loss due to incomplete combustion of carbon = | 
Co per cent. C in combustible 
co, +-CO . 100 X10, »150.. 
6. Loss due to unconsumed hydrogen and hydrocar- | 
bons, to heating the moisture in the air, to 
radiation, and unaccounted for. (Some of these 
losses may be separately eonienl if data are | 
obtained from which they may be calculated)... 


ee lopksnkscdtivand ins wacennnusveonrinedeses 100,00 


* The weight of gas per pound of carbon burned may be calculated from the gas analyses as 
follows : 
, 22 COs 400-4 ah ee ’, in which CO,, CO, O and N are the 
percentages by volume of the several gz Am As the sampling and analyses of the gases in the pres- 
ent state of the art are liable to considerable errors, the result of this calculation is usually only an 
approximate one. The heat balance itself is also only approximate for this reason, as well as for 
the fact that it is not possible to determine accurately the percentage of unburned hydrogen or 
hydrocarbons in the flue gases. 

The weight of dry gas per pound of combustible is found by multiplying the dry gas per pound of 
carbon by the percentage of carbon in the combustible, and dividing by 100. 

+CO, and CO are respectively the percentage by ‘volume of carbonic acid and carbonic oxide 
in the flue gases. The quantity 10,150 = number heat units generated by burning to carbonic acid 
one pound of carbon contained in carbonic oxide. 


Dry gas per pound carbon 


XXIII. Report of the Trial—The data and results should be 
reported in the manner given in either one of the two following 
tables, omitting lines where the tests have not been made as 
elaborately as provided for in such tables. Additional lines may 
be added for data relating to the specific object of the test. The 
extra lines should be classified under the headings provided in 
the tables, and numbered as per preceding line, with sub letters 
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52 CODE OF 1899 FOR BOILER TRIALS. 


a, 6, etc. The Short Form of Report, Table No. 2, is recom- 
mended for commercial tests and, as a convenient form of abridg- 
ing the longer form for publication, when saving of space is 
desirable. For elaborate trials, it is recommended that the full 
log of the trial be shown graphically by means of a chart. 


TABLE No. 1.—DATA AND RESULTS OF EVAPORATIVE TEST. 


Arranged in accordance with the Complete Form advised by the Boiler Test 
Committee of the American Society of Mechanical Engineers. Code of 
1899. 

WERE WG srciesnccceccsvesensseseees ___ REA eee RE OG vei iccencnnckconereaimnseies to 

Ea oxaicnandecauiiacestncinteduntnmenenpenntaeuenessdeniedeanenauicssasenhirn assbeeccecece 


A Reet eee Meee eee Ee REET EEE EEE EOE E EE EE EEE E EEE EE EEEE EEE EEEEEEEEEEEEE SESE EEEOHE EES ESESEEOESEEEE TEESE EEEES EES 


A eee eee ee eee eee eee eee eee EEE eee SOHO ESE EE ESE SEES EESEDSEEEEEE SEES ESE OESOS EEE EEE EEE ESS EEEEOEE SESE EESESE SED 


I vaisinccckadcceniensnceckcies Saevendcianieacsndéntiealarcteni ecskenviéubpaaveiasseioabes 
PN I Soi naiiccininsncitaticuressaserseniseiagaenMenxioriantressaetasusennialabntedeinens 
Se le ID SN ais sev ccieccrscetncncienad sc noscthidendceseemeacanedniatnntsonnncabaareansencib 


Method of starting and stopping the test (‘‘standard’’ or ‘‘alternate,’’ 


RR Te Tas lpi niitn sec ecisnrseiigs ccnncdinelesvinnmunnsgndaerabeoxestnteccanieesenies . 
ee eed haph ccncadenesits coscechad teenies ceisinntaetauitatasdtnteencegaaaeded 
i Ie aiken tcnseecabelassoeteaccetnacduseiitininincnatiseiedps hours. 


Dimensions and Proportions. 


A complete description of the boiler, and drawings of the same if of 
unusual type, should be given on an annexed sheet. (See Appendix X.) 


SE IG ose iertesiost ROMER. cccsees length......4+. COB nesses sq. ft. 
i I i I ase oiecicncpatenceen cab cansedeeeike kanseaizonrasstetiaese ins. 
5. Approximate width of air spaces in grate..............:scsseeeeees in. 

6. Proportion of air space to whole grate surface................00 per cent. 
I GI Sac tnt vvesccivncpiaesésecieseseccscecsepsaheideeeti sq. ft. 
Se I EIN cai cciccseneesonscasuasemsbnaieconsorsesnebensiess = 
9g. Ratio of water-heating surface to grate surface...............+.. — to I. 
10. Ratio of minimum draft area to grate surface..................+ I to — 

Average Pressures. 

SR. TE SOE BF BIER onic cc ssc csncsisssicscesie viskeatasnednntbiettbune Ibs. per sq. in. 
12. Force of draft between damper and botlern........cccccceeeseceeees ins. of water. 
as IIS Oe i We carci stse rts tnderescesksnvncdeusasstesiecsenins = e 
EQ. Vewee of Grakt OF Dass 1 Gell... cccccesccvccssecsscsscsocscsecess 3: < 





* The items printed in italics correspond to the items in the ‘‘ Short Form of Code.” 
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Average Temperatures. 
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15. Of external air......... deg. 

76. OF BESVG OR ....ic.csceseccene “s 

Bs: Ee a cnecaecainet nna eesicnkansencsivanweimiimanieaies iebineniaenenwanne as ‘as 

18. Of feed water entering heater................0006 . 

19. Of feed water entering economizer s 

20. Of feed water entering boiler......... i 

21. Of escaping gases from boiler sh 

22. Of escaping gases from economizer........... idecsehandacensmbsoneie - 
Fuel. 

23. Sine QE COMGMION, 0000ccsssscscsrescocssses 

24. Weight of wood used in lighting fire : lbs. 

Se, TEE El CUE TE I inane cncitnincccaodosesctssudencinesesnuendien os 

26. Fevatabagec af Matte? 60 COREY isccccsssisssecctascesesscnsevcccucene per cent. 

27. Total weight of dry coal CONSUIMEA........1.ceeceeceereccceccececseers lbs. 

28. Total ash and refuse. .-.s..0++.+ “ 

29. Quality of ash and refuse 

20. Total CombustiPis COMGUIIIEG, 0.50. 0ccrsiccccscsesecssscocecsesesssesss ” 

31. Percentage of ash and refuse 1m Ary COAL. ...1..csceececececeececees per cent. 


Proximate Analysis of Coal. 








Of Coal. Of Combustible. 
56: RM GOTT asin donesccssociskccinsinsepsoenccestaoues per cent. per cent. 
ae We IN 5s ons iscsi cs vstsocnsssassagecacesnnctes " “ 
34. Moisture ss es 
ee Sais baincs sdedeeaiadcansccascetetmeeatseammeebaribits es — 

Ioo percent. 100 per cent. 
36. Sulphur separately determined.................0+ - ” 
Ultimate Analysis of Dry Coal. 
(Art. XVII, Code.) 

Of Coal. Of Combustible. 
Se, GCE EE. Disccsasnteaventnceveserincsistnicbisaeen 4. per cent. per cent. 
GE FEI GIF Fiierisncocrccnnesncisnechantssansxasnsssens - 7 
Se IN CAFE cronecvies saxcbesdasnssesineveraizcucoasaters ay “6 
hi SEINE. TIE Dirsisse sa sccecenswininnsxavanetacanctionsnceuias ag " 
41. Sulphur (S) “ “ 


100 per cent. 


“ec 


43. Moisture in sample of coal as received......... 





100 per cent. 


“ce 


*Including equivalent of wood used in lighting the fire, not including unburnt coal withdrawn 
from furnace at times of cleaning and at end of test. One pound of wood is taken to be equal to 
0.4 pound of coal, or, in case greater accuracy is desired, as having a heat value equivalent to the 
evaporation of 6 pounds of water from and at 212 degrees per pound. (6 X 965.7 = 5,794 B.T.U.) 
The term ‘‘ as fired’’ means in its actual condition, including moisture. 

+ This is the total moisture in the coal as found by drying it artificially, as described in Art. XV. 
of Code. 








47. 
48. 


49 
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Analysis of Ash and Refuse. 


Calorific Value of Fuel. 
(Act. XVII, Code. ) 


50. Calorific value by oxygen calorimeter, per lb. of dry coal..... 
51. Calorific value by oxygen calorimeter, per lb. of combustible, 
52. Calorific value by analysis, per lb. of dry coal*...............6 
53. Calorific value by analysis, per lb. of combustible.............. 
Quality of Steam. 

Bh, Fevcaeags OF MME BE BOB cas sceveiccecessececsscceessescevesess 
55. Number of degrees of stiperheating...rcccrcccscccssecsecerseceeeeees 
56. Quality of steam (dry steam—=—unity). (For exact deter- 

mination of the factor of correction for quality of steam 

Da Pacis en sccenencrcencncnnapindiancsunrceesintiness 

Water. 

57. Total weight of water fed to bOtler T......ceccccecsseceseseceeccscees 
58. Equivalent water fed to boiler from and at 212 degrees...... 
59. Water actually evaporated, corrected for quality of steam... 
ee Or I acc citi nsehnitetsigvnicescescosiastasctakdacas 
61. Equivalent water evaporated into dry steam from and at 

aie Gegvees.¢ Cibelts $o XC Theis Go. ).0.0scccscercssccscessscccsess 

Water per Hour. 

62. Water evaporated per hour, corrected for quality of steam... 
63. Equivalent evaporation per hour from and at 212 degrees }.. 
64. Equivalent evaporation per hour from and at 212 degrees 


per square foot of water-heating SUVfACE b...cccccseecseeceeceees 





* See formula for calorific value under Article X VII of Code. 


per cent. 


“cc 


Ibs. 


per cent. 
deg. 


lbs. 


“c 


¢ Corrected for inequality of water level and of steam pressure at beginning and erd of test. 


, H-h. . 
} Factor of evaporation = — , in which Hand & are respectively the total heat in steam of the 


965.7 


average observed pressure, and in water of the average observed temperature of the feed. 

2 The symbol “ U. E.,””’ meaning “‘ Units of Evaporation,”’ may be conveniently substituted for the 
expression “ Equivalent water evaporated into dry steam from and at 212 degrees,” its definition 
being given in a foot note. 
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68. 


70. 


71. 


72. 


73: 


74. 
75. 


76. 


77: 
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Horsepower. 


Horsepower developed. (344 pounds of water evaporated 
per hour into dry steam from and at 212 degrees, equals 
OG ROPE oo scriwaccievevcucesnssesiocsiontevestnaiasesvsipeaslet 

DT CURE TPM ina seteicctincccacsatanpttebdestsnectineies 

Percentage of builders’ rated horsepower developed............ 


Economic Results. 


Water apparently evaporated under actual conditions per 
pound of coal as fired. (tet 58-25.) ...ccsscceceeecseereeees 


. Equivalent evaporation from and at 212 degrees per pound 


OT AE GE TIGET (ITO GE BE Vases cnssicczcceventadeistoncnees 
Equivalent evaporation from and at 212 degrees per pound 

SOGOU CHIE GE FFs sssccexssessecen nsec sncsacesnnnanan 
Equivalent evaporation from and at 212 degrees per pound 

CF COTTE CTICUE GS Be Bi Vosin vee co tioscvenisecedecennsveses 
(If the equivalent evaporation, Items 69, 70 and 71, is not 

corrected for the quality of steam, the fact should be 

stated.) 

Efficiency. 
(Art. XXI, Code.) 

Efficiency of the boiler; heat absorbed by the boiler per pound 
of combustible divided by the heat value of one pound of 
IE So sictacdiev cs okeasdcstunies toannasaridenbcnucsccaeatnteadebinns 

Efficiency of boiler, including the grate; heat absorbed by 
the boiler, per pound of dry coal, divided by the heat value 
OF CE DOME OF GPE CONN, ...05:0saciskarezrssnscenoshcnrenoeeneasenénds 


Cost of Evaporation. 
Cost of coal per ton of ——pounds, delivered in boiler room.. 
Cost of fuel for evaporating 1,000 pounds of water under 
GREE COR nc sks covressciccntcipiinnstevansbecboteesoins 
Cost of fuel used for evoporating 1,000 pounds of water 
SOR NE: GF STDIN, «ccncctanctoretiaciniweseviveneiientaiaews 


Smoke Observations. 


Percentage of smoke as observed.............ccsscscsssessceesseeees . 
Weight of soot per hour obtained from smoke meter.......... 
Volume of soot per hour obtained from smoke meter......... 


H.P. 


per cent. 


per cent 


55 


per cent. 


ountes, 
cub. in. 


* Held to be the equivalent of 30 pounds of water per hour evaporated from 100 degrees Fahren- 
heit into dry steam at 70 pounds gage pressure. (See Introduction to Code.) 
+ The symbol “ U. E.,’’ meaning ‘‘ Units of Evaporation,”’ may be conveniently substituted for the 
expression ‘‘ Equivalent water evaporated into dry steam from and at 212 degrees,” its definition 
being given in a foot note. 
tIn all cases where the word combustible is used, it means the coal without moisture and ash, 


but including all other constituents. 


from ash.”’ 


It is the same as what is called in Europe “‘ coal dry and free 





gees 


OTS <a | OTs EE a 
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Methods of Firing. 


80. Kind of firing (spreading, alternate or coking)..............++ 
Se.. Aerage CCID OY BC vines csi ccincevesencsncsrcavconsscaiestances 
82. Average intervals between firings for each furnace during 

time when fires are in normal condition............c00sssee00 
83. Average interval between times of levelling or breaking up 


Analyses of the Dry Gases. 


a a I Ne Uist ccna seb cdedianndacrdedobinnconn cédeieain 
UD, MNS lB iirtencvciecseaccnascesesnesasterweseveascsedsoaiegeaesanaseons 
A Sek I Osa octets cesicsectecesisstesenisrsiiases 
By... TEFEPOMEN GUE WIDTOCRI DON. ccsesiecesscsescessdcsscssscsoccccssaeses 
GU. WEE CO GETINRIGE) CIF in seiaccccnsssdecccoscsssesssecccerece = 
















per cent. 


Ioo per cent. 


TABLE No. 2.—DATA AND RESULTS OF EVAPORATIVE TEST. 


Arranged in accordance with the Short Form advised by the Boiler Test 
Committee of the American Society of Mechanical Engineers. Code of 


1899. 
PN TE ces tixcccwecetcestecesiedl on 
determine 


I 


Method of starting and stopping the test (‘‘standard’’ or 


Art. X and XI, Code) 
IN ai ties cansig sh sina eadenasvnskbcndcetoieubesssoucseaiaccsatssacioen 
Water-heating surface 
Superheating surface 


ORO R OREO EH OEE H TEETH EEE HHO EEE ESOS SESEEEESE SEES ES EES 


i. NE ME UE I vic ca cdncncensacecasavssdeacssaseiwinanbecess 
. Percentage of moisture im coal *..........cscccosccoscccceseecciecs 
. Total weight of dry coal consumed 
ps IONNNIINO N  c adasiaetts a eaaadaindoaeneeigdeneouin 
. Percentage of ash and refuse in dry coal 
. Total weight of water fed to the boiler*..................c000es 
. Water actually evaporated, corrected for moisture or 

ii iicctvicasestandenaciebdcoabanithsieinttis!,aenieeds 
. Equivalent water evaporated into dry steam from and 
at 212 degrees* 


= 
° 


CERRO EE e eee EOE TOOT EEE ESEEEEEE TEES EE TEESE EEE EEEEEe 


* See foot-notes of complete form. 


oon teen eeeneneeeee 


‘‘alternate,’” 


sq. ft. 


‘ 


hours. 
lbs. 
per cent. 
lbs. 
per cent. 
lbs. 








+i. 
12. 
‘3. 
14. 





15. 


16. 


17. 
18. 


19. 
20. 


2I. 
22. 


23. 


24. 


25. 


26. 


27. 


28. 
29. 
30. 
ax. 


32. 


33- 
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Hourly Quantities. 


Dry coal consumed per HOuUr..........cceecceeeeeseeeeeeeeeseneees Ibs. 
Dry coal per square foot of grate surface per hour......... a 

Water evaporated per hour corrected for quality of steam, 
Equivalent evaporation per hour from and at 212 de- 


Equivalent evaporation per hour from and at 212 de- 
grees per square foot of water-heating surface*........... 


verage Pressures, Temperatures, etc. 


Stoant presse by GASE.......<..ccssencvrsececesovecsecessccovczenses Ibs. per sq. in. 
Temperature of feed water entering boiler.................0++ deg. 
Temperature of escaping gases from boiler.................++ ” 
Force of draft between damper and boiler..............:.ss00+ ins. of water. 
Percentage of moisture in steam, or number of degrees 

OE DINE oo vases si eccrsins scensaiceosnmiatorene somnepeaeent per cent. or deg. 

Horsepower. 
Horsepower developed (Item 14 + 3414)*........sseeceseeeees E.P. 
Deisere” THRE HOPRENO WEL... c.csesncccsseconsesssosaressecesseses - 
Percentage of builders’ rated horsepower developed....... per cent. 
Economic Results. 

Water apparently evaporated under actual conditions per 

pound of coal as fired. (Item 8 + Item 3)........ssce00ee lbs. 
Equivalent evaporation from and at 212 degrees per 

pound of coal as fired.* (Item 9 + Item 3).............00+ o 
Equivalent evaporation from and at 212 degrees per 

pound of dry coal.* (Item 9 Item 5)..........:ceeeeeeees "7 


Equivalent evaporation from and at 212 degrees per 
pound of-combustible.* [Item 9 + (Item 5 — Item 6)], 
(If Items 25, 26 and 27 are not corrected for quality 

of steam, the fact should be stated. ) 


Efficiency. 
Calorific value of the dry coal per potnd.............sssceeees B.T.U. 
Calorific value of the combustible per pound................. ” 
Efficiency of boiler (based on combustible)*..............0+ per cent. 
Efficiency of boiler, including grate (based on dry coal), - 


Cost of Evaporation. 
Cost of coal per ton of —— pounds delivered in boiler- 
SOOT. 0000 endiaveshistesdicsevelesusweessiiapensnerane ene eae ER oe $ 
Cost of coal required for evaporating 1,000 pounds of 
water from and at 212 Gegrees............cccceccsscscssecscesces $ 


* See foot notes of Complete Form. 
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APPENDIX VII. 


WEIGHING THE WATER. 


The best way is to have two tanks capable of holding 1,200 to 
1,800 pounds—say 20 to 30 cubic feet; or two weighing tanks 
and one feeding tank, 144 to 216 gallons, each placed on a pair 
of scales, to be filled and emptied alternately. To avoid suspicion 
of leakage of stop cocks, it is better to draw out the water by a 
flexible pipe or suction hose put alternately into the two tanks. 
The time of each weighing of each tank, to be designated as tank 
No. 1 and tank No. 2, should be accurately noted, and a method 
of checking the weighings by a diagram or chart, as in respect 
to the coal, should be adopted. J. C. H. 


Appenp1x VIII. 


MEASURING THE FEED WATER. 


I would recommend that on all tests of any magnitude the 
water be fed to the boilers from a single tank of known capacity. 
That the tank be always filled so as to overflow, while the feed 
pump is stopped, and also the communication to it is closed. 

That the inlet pipe shall terminate above the tank so that its 
orifice is always visible. That after the supply has been shut 
off, and the overflow has ceased, the communication to the feed 
pump be opened and the pump be started. That the water be 
drawn down to a point that is determined by a line on a gradu- 
ated rod attached to a float that has been well painted so as not 
to absorb the water; and that then the pump be stopped, com- 
munication with it be closed, and the tank be refilled. 


AppENDIxX XI. 
DETERMINING THE MOISTURE IN COAL. 


Until recently two methods of determining moisture in coal 
have been in common use—first, the one usually adopted in 
boiler testing, which consists in drying a large sample, fifty 
pounds or more, in a shallow pan placed over the boiler or flue; 
second, the method usually followed by chemists of drying a 
one-gram sample of pulverized coal at 212 degrees Fahrenheit, 
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ora little above, for an hour, or until constant weight is obtained. 
Both methods are liable to large errors. In the first method, 
the temperature at which the drying takes place is uncertain, 
and there is no means of knowing whether the temperature 
obtained is sufficient to drive off the moisture which is held 
by capillary force or other attraction within the lumps of coal, 
which, at least in case of bituminous coals, seem to be as porous 
as wood, and as capable of absorbing moisture from the at- 
mosphere. The second method is liable to greater errors in 
sampling than the first, and during the process of fine crushing 
and passing through sieves a considerable portion of the mois- 
ture is apt to be removed by air drying. In an extensive series 
of boiler tests made by the writer in the summer of 1896, it 
became necessary to find more accurate means of determining 
moisture than either of those above described. It was found 
that by repeated heating at gradually increasing temperatures 
from 212 degrees up to 300 degrees, or over, and weighing at 
intervals of an hour or more, that the weight of coal continually 
decreased until it became nearly constant, and then a very slight 
increase took place, which increase became greater on further 
repeated heatings to temperatures above 250 degrees. It has 
often been stated that if coal is heated above 212 degrees Fah- 
renheit volatile matter will be driven off; but repeated tests on 
seventeen different varieties of coal mined in western Pennsy]- 
vania, Ohio, Indiana, Illinois and Kentucky, invariably showed 
a gradual decrease of weight to a minimum, followed by the in- 
crease, as stated above, and in no single case was there any per- 
ceptible odor or other indication of volatile matter passing off 
below a temperature of 350 degrees. The fact that no volatile 
matter was given off was further proved by heating the coal in a 
glass retort and catching the vapor driven off in a bottle filled 
with water and inverted in a basin; the air displaced from the 
tetort by expansion due to the heating displacing the water in 
the bottle. When the retort was cooled, after being heated to 
350 degrees in an oil bath, the air thus expanded contracted, 
and returned from the bottle to the retort, leaving the bottle full 
of water, as at the beginning of the heating, showing that no gas 
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had been given off,except possibly such exceedingly small amount 
as might be absorbed by the water. 

The method described in Section XV of the report was then 
adopted as the best available method of determining the moist- 
ure in these coals. Its accuracy was further checked by other 
methods, as follows: 1. A lump of Illinois coal which had been 
found by heating to 300 degrees to contain 14 per cent. of 
moisture was exposed to the air in a closet for two months, and 
it gradually reabsorbed from the atmosphere all the moisture 
that had been driven off. 2. Another sample of the same coal 
was placed in a dessicator with concentrated sulphuric acid, and 
it lost practically the same percentage of moisture in two months 
that was given off by the heating. 3. Seven other samples of 
different coals were similarly treated for six weeks, and all of 
them lost within about 1 per cent. of the ar »unt that duplicate 
samples had lost by heating, and the differer ce in each case was 
lost by a single heating for an hour to 280 degrees. 

The new method of drying and its results were communicated 
by the writer to Professor R. C. Carpenter, of Cornell University, 
shortly after they were made, and he thereupon began experi- 
menting with the method and fully confirmed the writer’s 
conclusions. W. K. 


APPENDIX XIII. 


COAL CALORIMETER. 


The coal calorimeter which the writer employs is that de- 
scribed in a paper on ‘“‘A Coal Calorimeter,” read at the Chicago 
meeting in 1893, and published in the “ Transactions,” Vol. XIV, 
p. 816. The details of the instrument are shown in the accom- 
panying cut. It consists of a glass beaker 5 inches in diam- 
eter and 11 inches high, which can be obtained of most dealers 
in chemical apparatus. The combustion chamber is of special 
form, and consists of a glass bell having a notched rib around 
the lower edge, and a bead just above the top, with a tube pro- 
jecting a considerable distance above the upper end. These have 
thus far been made by J. W. Staniford, 36 Hanover street, 
Boston, and they are inexpensive. The bell is 24 inches inside 
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diameter, 53 inches high, and the tube above is § inch inside 
diameter, and extends beyond the bell a distance of g inches. 
The base consists of a circular plate of brass, 4 inches in diam- 
eter, with three clips fastened on the upper side for holding down 
the combustion chamber. The base is perforated, and the under 
side has three pieces of cork attached, which serve as feet. To 
the center of the upper side of the plate is attached a cup for 


— 


F 














10” 


























an 


Barrus’ COAL CALORIMETER. 





holding the platinum crucible in which the coal is burned. To 
the upper end of the bell, beneath the bead, a hood is attached, 
made of wire gauze, which serves to intercept the rising bubbles 
of gas and retard their escape from the water. The top of the 
tube is fitted with a cork, and through this is inserted a small 
glass tube which carries the oxygen to the lower part of the com- 
bustion chamber. This tube is movable up and down, and to 
some extent sideways, so as to direct the current of oxygen to 
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any part of the crucible, and adjust it to a proper distance from 
the burning coal. 

There is no patent on the instrument, and, with the above de- 
scription, any one interested can, with a little trouble, secure an 
outfit on this plan. In addition to the apparatus here shown 
there is required a tank of oxygen, such as the calcium light 
companies furnish, scales for weighing water, and delicate bal- 
ances for weighing coal, besides a delicate thermometer for taking 
the temperature of the water, and another for showing the tem- 
perature of the atmosphere. The former should be graduated 
to tenths of a degree Fahrenheit. 

In the writer’s work with the instrument the quantity of coal 
used for a test is one gram, and of water, 2,000 grams, In 
working out the heat units allowance is made for the specific 
heat of the calorimeter, either by calculation or by experiment. 
Radiation is allowed for by commencing the test with a tempera- 
ture as many degrees below the atmosphere as the temperature 
rises above the atmosphere at the end of the test. When very 
smoky coals are used, the sample is mixed with a small propor- 
tion of anthracite of known calorific value ; and when anthracite 
coal is used, a small percentage of bituminous coal is likewise 
mixed with it. 

Samples of two bituminous coals submitted by Mr. Kent of 
the committee, one of which was a highly volatile coal, were 
tested in this instrument, and a sample of the same submitted to 
Mr. Henry J. Williams, of Boston, for analysis. The analyses 
gave the following results, based on dry coal: 


. No. 1. No. 2. 
IEE ic dicelsenectaniensaeacaecediniandaincsianonniion 71.84 per cent. 82.27 per cent. 
TR Gr OGeN.....c.scocccccescccccseseccecsceecesosocesers 4.81 4.70 os 
INitrOgen.......0...ccccccccccccccccececescscoccoscscnse 1.58 ” 1.56 “ 
OXYQEN ......cccccvcccccccsscccscscscccsssscscsssoseees 13.98 ras 5-34 ” 
BEB cccosceccccccccevccoceccscosccssoccscsescossees coccse 6.74 ¥ 4.93 “ 
Volatile sulphur.........cc.ccscccccccccccssereccece 1.05 ~ 1,20 _ 
100.00 100.00 


The calorific values worked out from these analyses, and those 
given by the calorimeter, are presented in the following table, 
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the formula used for obtaining the total heat of combustion from 


the analyses being 145 X C+ 625 x (7 a 


B.T.U. Based on B.T.U. Based on 


Dry Coal. Combustible. 
CORON vc ccvcsiscvensctns I 12,705 13,646 
DAI sessvassesicsccescanaes I 12,323 13,208 
CID cccrecccscnnseses 2 14,631 15,320 
AMAT GRE coi ccc5sscoesccessvcess 2 14,452 15,197 


It will be seen that in one case the two results agree within 
less than 1 per cent., and in the other case within about 3 per 
cent. 

The writer has used this instrument for over seven years, and 
has tested over two hundred samples of coal with it. The re- 
sults always seem consistent with one another, and they agree 
substantially with those obtained from reliable analyses in cases 
when these have been made. G. H. B. 


APPENDIX XV. 
DETERMINATION OF THE MOISTURE IN THE STEAM. 


The throttling steam calorimeter, first described by Professor 
Peabody in the ‘“ Transactions,” Vol. X, p. 327, and its modifi- 
cations by Mr. Barrus, Vol. XI, p. 790; Vol. XVI, p. 617; 
and by Professor Carpenter, Vol. XII, p. 840; also the sepa- 
rating calorimeter designed by Professor Carpenter, Vol. XVII, 
p. 608; which instruments are used to determine the moisture 
existing in a small sample of steam taken from the steam pipe, 
give results, when properly handled, which may be accepted as 
accurate within 0.5 per cent. (this percentage being computed 
on the total quantity of the steam) for the sample taken. The 
possible error of 0.5 per cent. is the aggregate of the probable 
error of careful observation, and of the errors due to inaccuracy 
of the pressure gages and thermometers, to radiation, and, in 
the case of the throttling calorimeter, to the possible inaccuracy 
of the figure 0.48 for the specific heat of superheated steam, 
which is used in computing the results. It is, however, by no 
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means certain that the sample represents the average quality of 
the steam in the pipe from which the sample is taken. The 
practical impossibility of obtaining an accurate sample, especially 
when the percentage of moisture exceeds 2 or 3 per cent., is shown 
in the two papers by Professor Jacobus in “ Transactions,” Vol. 
XVI, pp. 448, 1017. ; 

In trials of the ordinary forms of horizontal shell and of water- 
tube boilers, in which there is a large disengaging surface, when 
the water level is carried at least ten inches below the level of 
the steam outlet, and when the water is not of a character to 
cause foaming, and when in the case of water-tube boilers the 
steam outlet is placed in the rear of the middle of the length of 
the water drum, the maximum quantity of moisture in the steam 
rarely, if ever, exceeds 2 per cent.; and in such cases a sample 
taken with the precautions specified in Article XIV of the Code 
may be considered to be an accurate average sample of the 
steam furnished by the boiler, and its percentage of moisture as 
determined by the throttling or separating calorimeter may be 
considered as accurate within 4 of I per cent. For scientific 
research and in all cases in which there is reason to suspect 
that the moisture may exceed 2 per cent., a steam separator 
should be placed in the steam pipe, as near to the steam outlet 
of the boiler as convenient, well covered with felting, all the 
steam made by the boiler passing through it, and all the 
moisture caught by it carefully weighed after being cooled. A 
convenient method of obtaining the weight of the drip from the 
separator is to discharge it through a trap into a barrel of cold 
water standing on a platform scale. A throttling or a separating 
calorimeter should be placed in the steam pipe, just beyond the 
steam separator, for the purpose of determining, by the sampling 
method, the small percentage of moisture which may still be in 
the steam after passing through the separator. 

The formula for calculating the percentage of moisture when 
the throttling calorimetar is used is the following: 


w==t100X ae, 


4. Jie 








‘Ji 
~ 
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in which w= percentage of moisture in the steam, H = total 
heat, and Z = latent heat per pound of steam at the pressure in 
the steam pipe, 4 = total heat per pound of steam at the pressure 
in the discharge side of the calorimeter, 4 = specific heat of 
superheated steam, 7 = temperature of the throttled and super- 
heated steam in the calorimeter, and ¢ = temperature due to the 
pressure in the discharge side of the calorimeter, = 212 degrees 
Fahrenheit at atmospheric pressure. Taking 40.48 and ‘~212, 
the formula reduces to 


H — 1146.6 — 0.48 (7 — 212) 


w= 100 X L 


APPENDIX XVII. 


COMBINED CALORIMETER AND SEPARATOR. 


The form of steam calorimeter which the writer uses is termed 
the “1895 pattern” universal steam calorimeter, and is a modifica- 


WN 























EXQMASSAABLS 





tion of the one described in the “ Transactions,” Vol. XI, page 
790. It is illustrated in the accompanying cut. It consists 
5 
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of a throttling calorimeter and separator combined, the latter 
being attached to the outlet where the steam of atmospheric 
pressure is escaping. If the moisture is too great to be deter- 
mined by the readings of the two thermometers, the separator 
catches the balance, and the total quantity of moisture is made 
up in part of that shown by the thermometers and in part of 
that collected from the separator. The percentage of moisture 
shown by the thermometers, is obtained by referring the indi- 
cation of the lower thermometer to the normal reading of that 
thermometer with dry steam, and dividing the fall of temperature 
by the constant of the instrument for one per cent. of moisture. 
The normal reading is determined by observing the indications 
when steam in the main pipe is in a quiescent state, and the 
constant is a quantity varying from 21 degrees at 80 pounds 
pressure to 20 degrees at 200 pounds pressure. The percentage 
of moisture, if any, discharged from the separator, is found by 
dividing its quantity corrected for radiation, by the total quantity 
of steam and water passing through the instrument in the same 
time, as ascertained by experiment, and multiplying the result 
by 100. G. H. B. 


AppENDIxX XVIII. 


CORRECTIONS FOR QUALITY OF STEAM. 


Given the percentage of moisture or number of degrees of 
superheating, it is desirable to develop formule showing what we 
have termed “the factor of correction for quality of steam,” or 
the factor by which the “ apparent evaporation,” determined by a 
boiler test, is to be multiplied to obtain the “ evaporation cor- 
rected for quality of steam.” It has been customary to call the 
proportional weight of steam in a mixture of steam and water 
“the quality of the steam,” and it is not desirable to change this 
designation. The same term applies when the steam is super- 
heated by employing the “equivalent evaporation,” or that 
obtained by adding to the actual evaporation the proportional 
weight of water which the thermal value of the superheating 
would evaporate into dry steam from and at the temperature due 
to the pressure. “ The factor of correction for quality of steam” 








CODE OF 1899 FOR BOILER TRIALS. 67 


in a boiler test differs from the “ quality” itself, from the fact that 
the temperature of the feed water is lower than that of the steam. 
Let 
Q = quality of moist steam as described above. 
Q, = the quality of superheated steam as described above. 
P = the proportion of moisture in the steam. 
& = the number of degrees of superheating. 
F =the factor of correction for the quality of the steam 
when the steam is moist. 
F, = the factor of correction for the quality of the steam 
when the steam is superheated. 
H = the total heat of the steam due to the steam pressure. 
Z = the latent heat of the steam due to the steam pressure. 
T = the temperature of the steam due to the steam pressure. 
T, = the total heat in the water at the temperature due to the 
steam pressure.* 
J = the temperature of the feed water. 
J, = the total heat in the feed water due to the temperature,* 
Therefore, for moist steam : 


[Tes 6 st + a oe 
| ae ee 
(3) Q+P=1. 


See also Equation (6). 
With both the condensing and throttling calorimeters the 
water and steam are withdrawn from the boiler at the tempera- 
ture of the steam, and with a separator the water can only be 
accurately measured when under pressure, so that the difference 
between the steam and the moisture in the steam, as they leave 
the boiler, is simply that the former has received the latent heat 
due to the pressure, and the latter has not. There is, however, 
imparted to the water in the boiler, not only the latent heat in 
the portion evaporated, but the sensible heat due to raising the 
temperature of all the water from that of the feed water to that of 
the steam due to the pressure. 
~ * Most tables of the properties of steam and of water are based on the total heat of 
steam and water above 32 degrees Fahrenheit. For such tables the total heat in the 


water at a given temperature is equal approximately to the corresponding temperature 
minus 32 degrees. Exact values should, however, be taken from the tables. 
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In Equation (3) the proportional part Q receives from the 
boiler both the sensible and the latent heat, or the total heat 
above the temperature of the feed = Q(H — /,) thermal units, 
and the part P the difference in sensible heat between the tem- 
peratures of the steam and of the feed water = P(7, — /,) 
thermal units. If all the water were evaporated, each pound 
would receive the total heat in the steam above the temperature 
of the feed, o1 H—/,. “ The factor of correction for the quality 
of the steam,” when there is no superheating, is therefore 


(4). F= CW =A) = 9+ P(Z=4). 


The superheating of the steam requires 0.48 of a thermal 
unit for each degree the temperature of the steam is raised; so 
for & degrees of superheating there will be 0.484 thermal units 
per pound weight of steam, and the “ factor of correction for the 
quality of the steam” with superheating 


H—J,+048k_ | , 0.486 


i) --. = ae Ome aeaciaas SY 9 





See also Equation (7). 

With the throttling calorimeter the percentage of moisture 
P, or number of degrees of superheating, are determined as 
explained in Appendix XV. 

Since the invention of the throttling calorimeter the use of 
the original condensing, or so-called barrel, calorimeter is no 
‘longer warranted. Accurate results should, however, be ob- 
tained by condensing all the steam generated in the boiler, and 
this plan has been followed in certain cases. It has, therefore, 
been thought desirable to add other formule applicable to 
condensing calorimeters. The following additional notation is 
required : 

W = the original weight of the water in calorimeter, or weight 
of circulating water for a surface condenser. 

w = the weight of water added to the calorimeter by blowing 
steam into the water, or of “ water of condensation” with a surface 
condenser, 
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¢ =total heat of water corresponding to initial temperature 
of water in calorimeter. 

?, = total heat of water corresponding to final temperature in 
calorimeter. 

Evidently then : 

W (t,—?2) =the total thermal units withdrawn from the boiler 
and imparted to the water in calorimeter. 


(tt) = the thermal units per pound of water withdrawn 


from the boiler and imparted to the water in calorimeter, from 
which should be deducted 7;—/, to obtain the number of ther- 
mal units per pound of water withdrawn from the boiler at the 
pressure due to-the temperature 7. 

Since only the latent heat Z is imparted to the portion of the 
water evaporated, the quality Q, or proportional quantity evapo- 
rated, may be obtained by dividing the total thermal units per 
pound of water abstracted at the pressure due to the tempera- 
ture Z by the latent heat Z. Hence, as given in Appendix 
XVII, 1885 Code, with some differences in notation : 


(6)... Qand a=3(2u-9-(n-4)]. 


The value Q applies when the second term is less than unity. 
P may be derived therefrom by substitution in Equation (2) and 
F from Equation (4). 

Q, applies when the second term of the above equation is 
greater than unity, which shows that the steam is superheated, 
and, as in this case, the heating value of the superheat has 
already been measured by heating the water of the calorimeter ; 
the proportional thermal value of the same, in terms of the latent 
heat Z, is represented directly by Q, —1, and we have as the 
factor of correction for the quality of the steam with super- 
heating : 

H—-f.+L(Q—1)_, , HA-1) 
(7) .. i= many ee 


See also Equation (5). 
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When the quality is greater than 1, or equals Q,, the number 
of degrees of superheating: 


ere b= 29) — 2.08332 (0, — 1) 


APPENDIX XIX. 


THE QUALITY OF SUPERHEATED STEAM. 


The quality of the superheated steam is determined from 
the number of degrees of superheating by using the following 
formula: 


L+0.48(7—t 
oe —aa ) 





in which Z is the latent heat in British thermal units in one 
pound of steam of the observed pressure; Z the observed tem- 
perature, and ¢ the normal temperature due to the pressure, 
This normal temperature should be determined by obtaining a 
reading of the thermometer when the fires are in a dead condi- 
tion and the superheat has disappeared ; this temperature being 
observed when the pressure as shown by the gage is the aver- 
age of the readings taken during the trial. Observations being 
made by the same instrument, errors of gage or thermometer 
are practically eliminated. G. H. B. 


APPENDIX XXIV. 


STEAM UNITS. 


All measurements of the quantity of heat are based on 
the thermal unit, which, for British measures, equals the quan- 
tity of heat required to raise the temperature of one pound 
of pure water at or near its freezing point one degree Fahren- 
heit.* 

The unit commonly used to express the evaporative power of 
the fuel is the quantity of heat required to evaporate one pound 





* Compare “ Rankine on Steam Engine,” Art. 208 ; “ Porter on the Richards Indi- 
cator,” p. 43. 
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of water at a temperature of 212 degrees under the ordinary 
pressure of the atmosphere corresponding to that temperature. 
This was called by Rankine a “peculiar thermal unit,” and 
its value given at 966.1 British thermal units, but has since 
been called the “unit of evaporation,’ which term is adopted 
in the foregoing general report of the committee. Its value, 
however, in the prominent American tables is given at 965.7 
thermal units. 


APPENDIX XXVII. 


PYROMETER. 


So far as known tome, the only way to measure temperatures 
between 600 or 700 degrees Fahrenheit, or above the range of 
the air thermometer, and 2,500 or 2,700 degrees Fahrenheit, or 
up to the melting point of commercial platinum, is by the plati- 
num water pyrometer. 

One form of this pyrometer is described in the “ Journal of the 
Franklin Institute,” Vol. LXX XIV, pp. 169 and 252, September 
and October, 1882. }. CH, 


PYROMETER. 


The temperature of the escaping gases should be ascertained, 
not by pyrometers, but by means of certified mercury thermo- 
meters introduced at a number of different points in the same 
plane transverse to the flue. The velocity of the current should 
be ascertained at each of these points. The distance of the 
transverse plane of observation from the boiler should be noted. 

CG FF. 


APPENDIX XXXV. 


THE RINGELMANN SMOKE CHART. 


Professor Ringelmann, of Paris, has invented a system of 
determining the relative density or blackness of smoke, which 
has been communicated to the writer by Mr. Bryan Donkin, of 
London, and published in “ Engineering News” of November 11, 
4897. In making observations of the smoke proceeding from a 
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“vO”. 3. 
RINGELMANN’S SMOKE CHaRT. 
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chimney, four cards ruled like those in the cut, together with a 
card printed in solid black and another left entirely white, are 
placed in a horizontal row and hung at a point about 50 feet 
from the observer, and as nearly as convenient in a line with the 
chimney. At this distance the lines become invisible, and the 
cards appear to be of different shades of gray, ranging from very 
light gray to almost black. The observer glances from the 
smoke coming from the chimney to the cards, which are num- 
bered from 0 to 5, determines which card most nearly corre- 
sponds with the color of the smoke and makes a record accord- 
ingly, noting the time. Observations should be made continu- 
ously during say one minute, and the estimated average density 
during that minute recorded, and so on, records being made 
once every minute. The average of all the records made during 
a boiler test is taken as the average figure for the smoke density 
during the test, and the whole of the record is plotted on cross- 
section paper in order to show how the smoke varied in density 
from time to time. A rule by which the cards may be repro- 
duced is given by Professor Ringelmann as follows: 

Card o—AIl white. 

Card 1—Black lines 1 mm. thick, 10 mm. apart, leaving spaces 
9 mm. square. 

Card 2—Lines 2.3 mm. thick, spaces 7.7 mm. square. 

Card 3—Lines 3.7 mm. thick, spaces 6.3 mm. square. 

Card 4—Lines 5.5 mm. thick, spaces 4.5 mm. square. 

Card 5—All black. 

The cards as printed here are of course much smaller than 
those actually used, but the spacing and thickness of the lines 
are proper. W. K. 


APPENDIX XXXVI. 


STARTING AND STOPPING A TEST. 


Of the two methods of starting and stopping a test, the so- 
called “ standard” method and the “alternate” method, the writer 
prefers the latter, believing that the errors in the estimation of 
the quantity and condition of the small amount of coal left on the 
grate after cleaning are less than the errors of the “ standard” 
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method, which are due: first, to cooling of the boiler at the be- 
ginning and end of the test; second, to the imperfect combustion 
of the fuel at the beginning; and, third, to excessive air supply 
through the thin fire while burning down before the end of the 
test. 

A special caution is needed against a modification of the 
“alternate” method, which has been adopted by some testing 
engineers within the past few years. It consists in taking the 
starting and the stopping times each at a time subsequent to the 
cleaning, say after 400 pounds of coal has been fired since the 
cleaning. There are two sources of serious error in this method, 
one causing an incorrect measurement of the coal, the other an 
incorrect measurement of the water. Suppose 200 pounds of 
hot coke are left on the grate at the end of cleaning and 400 
pounds of fresh coal are added by the end of, say, half an hour 
after cleaning. If the coal left at the end of the cleaning, and 
the boiler walls also, are very hot, and the coal is highly volatile 
and dry and the pieces of such size as not to choke the air 
supply, the fire may burn so briskly that at the end of the half- 
hour the fuel value of the partly burned coal left out of the total 
600 pounds is equivalent only to 200 pounds of coal. If, on the 
contrary, the hot coke on the grates at the end of the cleaning, 
and the boiler walls, are considerably cooled, if the fresh coal 
fired is moist and of small size, such as the slack of run-of-mine 
bituminous coal, which is often found in one portion of a pile in 
greater quantity than in another, the fire during the half-hour may 
burn so sluggishly that the coal and coke on the grate at the 
end of the half-hour may have a fuel value equal to 400 pounds 
of coal. If, in this case, it is assumed that the quantity and 
condition of the coal at the end of the half-hour after cleaning 
are the same at the starting and stopping time; and, if the fire 
burned briskly during the half-hour before starting and slowly 
during the half-hour before stopping, the boiler will be charged 
with more coal than was actually burned. If, on the contrary, 
the coal burns away more slowly during the half-hour after the 
cleaning before the starting time and more rapidly during the 
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half-hour before the end of the test, the boiler is not charged 
with as much coal as was actually burned. 

The error in water measurement is due to the fact that the 
condition of the fire, and especially the quantity of flaming gases 
arising from it, influences the height of the water level. A bright 
hot fire, or a fire with an abundance of burning gas proceeding 
from it, causes the water level to rise; while anything that cools 
the furnace, such as freshly fired coal, an open fire door, or a 
check to the draft, causes the water level to fall. A rise or a 
fall of several inches in a few seconds frequently occurs when 
bituminous coal is used. If the water level is noted at the start- 
ing of the test, when it is raised by a bright fire, and at the end 
of a test, when it is depressed by the stoppage of violent ebulli- 
tion or of rapid circulation, due to the cooling of the fire, the 
boiler will be credited with more water than was really evap- 
orated, and vice versa. 

The only correct times to be noted as the starting and the 
stopping times are when the smallest amount of fuel is on the 
grate, and when it is in the most burned-out condition ; that is, 
just before firing fresh coal after cleaning, and when the water 
level is in its most quiet condition and the least raised by ebulli- 
tion; that is, after the furnace door has been kept open for some 
time for cleaning and the furnace, therefore, is in its coolest state. 
This condition of fire and of water level can be duplicated imme- 
diately after cleaning the fire; but there is no certainty of dupli- 
cation of any condition when there is a bright fire and consequent 
rapid steaming. 

These statements are not based upon theoretical considera- 
tions, but are the results of many experiments made by the 
writer to determine the best starting and stopping times. Ina 
long series of tests with bituminous coals no less than six dif- 
ferent times were recorded as starting times and as many as 
stopping times, and the coal apparently used and the water 
apparently evaporated recorded and calculated for each. These 
times were: A, before opening the first or right-hand door to 
clean the fire; 2, after cleaning the first half of the furnace and 
just before firing fresh coal; C, after cleaning the second half of 
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the furnace ; D, after 200 pounds of fresh coal had been fired; Z, 
after 400 pounds; F, after 600 pounds. By plotting the appar- 
ent water evaporation between A and £, both for starting and 
for stopping times, it was seen that there was nearly always an 
apparent negative evaporation between B and D, and sometimes 
between B and C and between B and &, due to the correction 
for height of observed water level, the level rising rapidly, being 
much greater than the water fed by the pump. There was often 
no similarity of appearance of the plotted diagrams between A 
and F at the beginning and at the end of the same test. The 
possible error of water measurement due to taking A, D, £ or F 
as the starting time was sometimes as much as 2,000 pounds of 
water, or about 3 per cent. of the whole amount evaporated in a 
ten-hour test. The record of water evaporated between the stop- 
ping and starting times C occasionally differed considerably from 
that taken between the B start and stop, due to the fact that 
sometimes between B and C there was a sudden lighting up of 
the fresh coal on the cleaned side of the furnace, while at other 
times the fire would not light up brightly until after the C point 
had passed. It was therefore decided that the 2 time, when the 
furnace was the coldest and the water level at the lowest, was 
the only time which could be accepted as the true starting and 
stopping time. W. K. 
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PROGRESSIVE TRIALS OF THE ITALIAN 
TORPEDO BOAT CONDOR. 


TRANSLATED BY W. F. DurAND FROM “ REvisTA MARITTIMA.” 


During the month of June last a series of trials were made, 
near Genoa, of the Italian seagoing torpedo boat Condor. This 
boat was built in the yards of the Ansaldo Company at Sampier- 
darena, from plans developed by Engineer Count Rota, of the 
Italian Navy. 

The principal dimensions of the Condor, which is armed with 
two swiveling torpedo tubes, located near the extremities of the 
deck, and with two 37-millimeter guns in the conning towers, are 
as follows :* 


Longts between perpendicwlars, F00t. .....00sssessicesacsassecescosssccsccsecccsoncnecess 154 
[SAAR RM, GE CE CR iris sinincccsesccsiciciteciccsapmniesnivenintebiiasanes 18-3 
Be CE We, FI Ne in isin svc ctstoikccencatessinneonibinbibiabedndvedesiaat 10-6 
Draught at stern, aside from propellers and rudder, feet and inches............... 4-6 
OE WBE BD Miss ivncviccnieccsivestcsaxecsonsichaibasbamitciileaindes 3-6 
I i ictoctesnicnticiatecustaidiiipingevsrs bdaesedudeteenincaiedabibaaatainte 4 
Di INCRMNENE. (OSES)... 00 cen sincevtcseccvescrsscccsncstadegesseishosecobousnectanssesanesseett 137 


Hull—tThe hull is constructed of Siemens-Martin steel, the 
plates and shapes being galvanized. By means of transverse 
watertight bulkheads the boat is divided into twelve watertight 
compartments. In addition, there is a watertight flat worked at 
about twenty-seven inches above the keel, which forms a double 
bottom, and thus adds to the safety of the boat. On either side 
of the boilers are fitted watertight longitudinal bulkheads, the 
compartments thus formed serving for coal bunkers in case the 
adoption of liquid fuel should be much delayed. 

The forward tower is constructed of nickel-steel plate $-inch 
in thickness, 
~ * The data given throughout the article are translated into English measures, except 
in the case of horsepower. The difference here is but slight (1 metric horsepower 


= .986 English horsepower), and in order to correspond with the diagrams repro- 
duced from the original, the metric values are retained. 
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The double bottom is utilized for carrying oil fuel and also 
water for drinking or for use in the boilers. 

The accompanying figures show schematically the structure 
of the hull and the subdivision of the various parts of the boat. 

The leading features of the machinery are as follows: 





ND Ot oii cicicnsigznarisevscicedcacansepuensdavensiedaensons bub leacadecnhs 2 
I Sr MI Rain osiccdccisenssivasedsscecdsvassvesnasisoaaie «- 154, 249, 353 
MIN ccinacdincabilesedigabarsisiasa’sacsingabioesonsoasianama gbiohenantametin 15} 
Number of boilers, type, Yarrow........... deans. sehprhedinasauanssniasietesiephiend 3 
es MII SII 63532 uci coca jccdcncbanckvaseoecindecsssehundebarerteicabion 7-10 
EEE CRIES TE ONE SOLO TOME TE OP A ETE PETE E TA 8- 2 
EEO aT aa eT aeee Oe A ee ee 10- 2 
Ne We II I ONE isco ascnancénscscodewensdniendcendicdspensconsss 1 
RE GE SUID, SUSE GE Bc tiesssscccescnsaceaciorscnboceisonsseocavecnndeone 6-10 
Sn Or GUNN, TINE INT SI iaiinicsecccscsscnccescssindscdcobscbonedacececeaseseds 4-II 
Sat INE, BNNs GRID: FINE i ion deci nk csccinncindbsvoccnccsedseenibeaicdedssees 102 
I I ci elle oa 4,844 
Nr UNI III SON oc iaticdessessndienshouvensssnenesssveniccascucions 74 
Volume of steam in upper drum, cubic feet,............ccccceccceccccsceccsessees 94 
Volume of water in upper drum, cubic feet..................cececececesceeseeceees 173 
SING, DIR cvvccncinninenmvntbecisrenidssndewicsvedsdictbensésbarsis 200 
Diameter of the propellers, feet and inches,.........0.ssccccccccccccscscccccccees 5-11 
OR CNET, SRF GG TI iiansescicicndiseacsiscsicdaniccsenccdncdeninotevbess 8-10 
Be WIE OP OI casi prrecccnicciessnccscenckscamsdesicasnccdibaentbeshiies 3 
WEIGHTS. Tons 
re, SONI, SII, BO, ss occccirocestcconsccrtnconncunsssncccenassungsvonzegesnesss 4.27 
ey Se i ip cise rensccksiacniatdnnsscsisvedsincaasiedepanabepeieionts 23.76 
a I iit so ncchccvednstomniincipe ubaasatonnkibassndnandenhadmaannae 21.00 
I I iii ria bt antsbepiscunbarsiencieeieabendalons ao Cocnenausmadminbeabaison 5-59 
I IG SE ricersacensccaceivenstittdstdvanoddguhene sakesotessbasebespscswenaedens 3-83 
isicuiincesssadcteuodiin beiliaaiaaieneidab aden einasinimiiiicedibh jaabiacaideataibian teed at 58.45 


INCLINING EXPERIMENTS AND STABILITY. 


Accurate inclining experiments, which were carried out in a 
large basin at Genoa gave the following results relating to the 
stability of the Condor : 


Displacement at deep normal load, tons,....cc.ccocccccoscsscccccsecescocecsccecscccoes 137.6 
RTI iodo ean cs easing hag ameeemnnrasens weseueaaiebedaiimebhiaasie 4 
EE I Cat ois sctsietanrticdavindonshieseccivaviatinadeicsviawekoks 1.97 
BN GE ORS I BIO as snse deccssineisncccccccécesccctasasssessonesbasees 107 
Aman Of aparienaen STAG DOBRO a ceccn oc ccescensrnnicseacsutscsesacssecsesceseensess 55 


Period of a single oscillation (from one side to the other), seconds.,,...........+ 24 
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In the unloaded condition the general stability character- 
istics are practically the same. 


SEA TRIALS. 


The trials prescribed in the contract for the construction of 
the boat were as follows: 

(1) A trial of six hours duration with natural draft, the ventil- 
ators being so adjusted as to produce a draft corresponding toa 
column of water of about one-half inch. The engines were to 
develop in this trial not less than 1,800 I.H.P. with the use of 
liquid fuel, or 1,000 I.H.P. in case coal were used. 

(2) A trial of three hours duration with forced draft, the air 
pressure not to exceed three inches of water. Under these con- 
ditions the engines were to develop not less than 2,400 I.H.P. 

It having been decided that liquid fuel should not be used in 
these trials, they were carried out by the use of coal alone. 

The system of forced draft adopted for the boilers of the 
Condor and prescribed in the contract was the so-called “ closed 
ash-pit” system. After a series of preliminary trials carried out 
for the purpose of training the fire-room force, it became apparent 
that no matter how skillful the firemen might be, it was not 
practicable at the highest speeds to obtain a regular production of 
steam, and that whenever the revolutions were notably increased, 
water was to some extent carried over from the boilers to the 
cylinders. The six-hour trial with natural draft was, however, 
carried out with regularity and success, 

Following are the results of this trial : 


IE is csactin ce conecdssnyhhdn vie tench chesgubciscesanch ancccnbeaiaeienene 4 
Gree Calg: Tie Deiat OF ae CAG in ve vncs a cossvnesncnabississeimaceseroenin’ 20.8 
Ne INO i csscnsccdecocestsacheodedipunrsnenenasetiationsoanieniaiubeadiinas 1,157 
Revolutions (average for the entire trial)...........cscscsccsccscssscsocscssecscesces 258 
CN OF TE WN oskbccst bivaneecececcssesscsenecbinavehinensechaaaaian moderate swell. 
WII iscsi icsscns seeitpaheaderenianmideteeadaaianccdvigbucienttcaksdoweida fresh, 
Pressure of air in the ash pits, measured in inches of water,,.........ssecesesees 5 
Steam pressure at boilers, pounds per square inch,..........cscesesesscesesscncees 175 
in steam pipe, pounds per square inch,.,.........ccececsssseesees 174 
Vacuum in condenser, inches Of mercury.........cccccocsccccscscscccccecscccsccsecs 28 
Stop-valve Opening...ccccorsssccssesvescvocecscosccccesvevevecssosece sovectovessseesssoose 5 
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Consumption of coal per I.H.P per hour, pounds.,,................sceseseeeseceeees 2.66 
Combustion per square foot grate surface, pounds.................s.cseceeeeeseeees 30 
ee I i icsctcitcccipnehccnbectedsssevesssateecesassuesnsscccnsniads 3,042 
Temperature in boiler-room, degrees Fahrenheit...................seseeeeeeeeeeeee 115 
OIE aces cerecsacincnsitinninnsdsesanersesontasesnccdcenisneesions 109 


It having been ascertained that the cause of the irregularity 
in the production of steam at speeds higher than that obtained 
on this trial was due to the method of forced draft with jets of 
air led into the ash pits, a change of arrangement was effected 
through the disposition of the ventilators in such manner that 
the necessary draft was assured by the forcing of air into the 
fire rooms. 

With this arrangement the troubles experienced with the first 
system were entirely avoided, and the full-power trials were 
carried out with brilliant success. 

Following are the results for the full-power trial of three hours’ 
duration: 


ee a Oi I hs a sear tll Se cnabnbanlbohabmaiansacies 4-I 
RUDE wivasddabevbdncdnataabonsessaedehéihbbcie seccavieus sckduedsiontnnsmapeeanmentes 25.7 
I NE I iain end nibdnincnbicacistsdhottitcinmaisbsaabincbagiialiii 26.3 
MIN Or si aint dances Acaialinnn <ddacibienduouacumauianeiaes moderate swell. 
i iitechersisestankscanasvsspadaiconiiocokacissnideduiskeipieoetietsan light. 
I I cs calicrntathervannstasvcomtpnswacnbnthgssbsdaretetiieuhananianhiadeds 2,410 
I Cr Te ia ask ii cassie cnide des wecornnccsoseestenusicscecaans 341 
Pressure of air in the fire rooms, measured, in inches of water (mean)....... 1.7 
I NIE Fi I isp cntasccticevincssndessisanccesocscinestietbiins 196 
NN il icesiiheed prin nach naiabininaindcsninuocmsnncaatustinn 173 
Vacuum in the condenser in inches of mercury (mean)................cceceseeees 25-75 
Cpeins E GR CE BN PGi cc sctcin ctesenidecsiviccsencsvedcecssasusvcions full. 
Temperature of fire-rooms, degrees Fahrenheit..................scscseceeceeeeeeeees 106 
engine-room, degrees Fahrenheit..............ccccscoccssescoccces 106 
I Oe Bis cgetndsesscnce se tnccteynrctncpeaieniiacvoansinctnsveaieinacsbbesnns selected Cardiff. 
Consumption of coal per I.H.P. per hour, pounds,,.............escsesssseeeessenees 2.71 
Combustion per square foot of grate surface, pounds,,.............02.cseceeeeseees 62 
ee re Be i inidesccnscntcecscnncessniciecctrencescinassveevates 5,028 


The results of this trial are noteworthy in that without hard 
forcing and with an air pressure of less than /wo inches of water 
instead of the ¢hree inches allowed by the contract, the full 
designed power of 2,400 I.H.P. was obtained. 

During the trial the vibrations were scarcely noticeable, a 
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noteworthy result due in part to the special structure of the hull, 
but chiefly to the smooth operation of the engines, the balanc- 
ing of which had been made a special study by Engineer A. 
Perroni, their designer. The entire motive equipment gave no 
trouble whatever, and with the above-mentioned change in the 
method of forced draft the troubles previously met with in con- 
nection with the fires were entirely avoided. 

After the full-power trial, a second natural-draft trial was 
made with an air pressure of one-half inch of water in order to 
compare with the previous results, and to note what advantage 
in these conditions might arise from the change in the method 
of forced draft as described above. The results showed a marked 
advantage, 1,500 I.H.P being developed with 285 revolutions, 
giving a speed of about 22 knots, instead of 20.8. It was also 
found that the consumption of coal per I.H.P. per hour was re- 
duced to 2.16 pounds. 


PROGRESSIVE TRIALS. 


After the trials referred to above, a further series of progres- 
sive trials was carried out for the purpose of establishing the 
relations between the three elements, revolutions, speed and indi- 
cated horsepower. Previous trials had been carried out in the 
Froude tank at Spezia on a model of the boat, and a comparison 
of the two sets of results will serve to furnish the most valuable 
deductions regarding the efficiency of the propulsive equipment. 
To this end use is made as well of the results obtained from the 
preceding trials of the boat, all of which are collected and shown 
in plate I. 

The abscissa gives the number of revolutions per minute, the 
upper curve the speed and knots, and the lower curve the I.H.P. 
In plate II the abscissa gives the speed in knots, and the upper 
curve the revolutions per minute. 

Next below is given the curve of indicated horsepower (F.C.I.) 
and below that the curve of effective horsepower (F.C.E.) The 
latter values are derived directly from the tank experiments re- 
ferred to above. The curve of propulsive efficiency, or ratio of 
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PLATE I. 


effective to indicated horsepower, (F.C.E. + F.C.I.) is shown in 
the sinuous curve running across the diagram. 

The Italian lettering in brackets has been preserved for the 
indications of power, speed, etc., on curves, the equivalent 
English expression being used in connection therewith, these 
curves being copied directly from the plates in the Italian 
review.* 

It appears that the highest value (.649) of the propulsive coef- 
ficient is reached at a speed of 21 knots, corresponding to the 





*On the efficiency curve itself the lettering within the brackets is wrong, but is 
correct in the text. 
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development of about one-half of the full power, and that the 
efficiency at higher speeds up to the maximum of about 26 knots 
is maintained at values above .60. 

These indications are most valuable for the study of similar 
problems, and their determination is possible simply by reason 
of the progressive trials carried out on the boat, and the possibil- 
ity of comparing them with the results of the trials on the model 
in the experimental tank. 

In conclusion it may be pointed out that these experimental 
results may properly inspire us with strong confidence with 
respect to such problems, and if every opportunity is taken to 
collect and compare the results of trials with models and with 
full-sized vessels, information of the very highest value for their 
further study may be derived. 
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REPORT OF A SIX-DAY TRIAL OF THE “LILLIE” 
MULTIPLE-EFFECT DISTILLING PLANT AT 
DRY TORTUGAS, JANUARY 13 TO 20, 1900. 


By LieuTENANT R. K. Crank, U.S. N. 


This plant was erected for the Navy Department by The 
Sugar Apparatus Manufacturing Company of Philadelphia, after 
designs by S. Morris Lillie, President of the Company, and 
under his patents. 

The method followed in this “ multiple-effect” system is, 
briefly, as follows: the sea water to be evaporated is first passed 
through heaters which are supplied with steam from the boilers 
or from the pressure-reducing tank. The temperature of the 
sea water is raised to about 300 degrees or more in the heaters. 
The heated sea water then passes to a pressure-reducing tank, 
in which a pressure of from 10 to 15 pounds is maintained. A 
portion of the water becomes steam on account of the low pres- 
sure and high temperature. The exhaust steam from all the 
auxiliary machinery of the plant also goes into this tank. The 
steam from the pressure-reducing tank is almost all employed to 
heat the first heater through which the sea water is passed. 
The unevaporated portion of the sea water in the tank then goes 
into the first effect (or evaporator), passing first through a cen- 
trifugal circulating pump, by which it is showered over the 
outside of the evaporating tubes. Live steam from the boilers, 
supplemented by steam from the pressure-reducing tank, is ad- 
mitted to the inside of the evaporating tubes. A portion of the 
sea water is converted into steam; this steam passes into the 
evaporating tubes of the next lower effect, where it aids in 
evaporating the salt water in that effect. The unevaporated 
portion of the sea water falls to the bottom of the first effect, 
whence it is drawn by the centrifugal pump and again showered 
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over the evaporating tubes of this effect, the loss from evapor- 
ating being automatically supplied, through a float valve, by 
fresh feed from the pressure-reducing tank. This action is con- 
tinued in each of the effects, the constantly moving sea water 
increasing in density as it passes in turn through the effects. In 
the last effect, the brine is drawn off at any desired density at a 
temperature corresponding to the very low pressure (below 
atmospheric pressure) maintained in this effect. In an ordinary 
“ single-effect” evaporator, such as is used aboard ship, the brine 
is blown off at a comparatively high temperature and much heat 
wasted. 

The plant at Tortugas consists of: 

1. Three Babcock & Wilcox boilers, of 125-horsepower each, 
built to carry 160 pounds pressure per square inch. 

2. One “ Lillie” triple-effect, comprising three effects, or evap- 
orators, with surface condenser 30 inches in diameter and 12 feet 
long, with duplex vacuum pump (air pump) ginches by 12 inches 
by 10 inches, for maintaining vacuum in third effect, and for 
condensing vapors for same; four centrifugal, circulating pumps, 
one for each effect and one for the condenser, all four on one 
shaft driven by a directly-coupled Westinghouse 8-inch by 84- 
inch engine. 

3. Three Blake duplex, double-plunger feed pumps, of which 
two are 73 inches by 4 inches by 6 inches, and one 73 inches by 
4} inches by 10 inches, which may be used to feed boilers or to 
force sea water through heaters. 

4. Three pipe heaters for heating the sea water, each provided 
with a trap for trapping the condensed steam from the heaters. 

5. One pressure-reducing tank, fitted with float valve for regu- 
lating the flow of salt water into it from heaters. 

6. Two automatic regulating valves and tanks, respectively 
for regulating feed to boilers and feed of sea water to the plant. 
Only one appears in the plan. 

The effects or evaporators are peculiar and important parts of 
the apparatus. As will be seen from Figure No. 1, the evap- 
orating tubes open into a steam chamber in the back end of the 
effect. These tubes are not horizontal, but are slightly inclined, 
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the ends in the tube sheets and nearer the steam chamber being 
the lower; these lower ends are expanded in a heavy tube sheet, 
which is about 3 inches in thickness. The other ends are closed 


ro 


} 





Fic. 1. 


by a slightly tapered plug; this plug is driven in and the end 
of tube then “crimped” over and soldered. A small air vent 
(about z; inch in diameter,) is bored in the plug. This vent 
allows the air or other gases that enter with the steam or may 
be given off by the liquid that is being evaporated to escape. It 
has been found that where no vent has been provided, the gases 
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and air soon accumulate in the end of the tubes and greatly re- 
duce their evaporating power by preventing the entrance of the 
steam. The closed end of the tube is unsupported. Thus the 
tubes are perfectly free to expand on change of temperature. 
There is no circulation of the steam in and through the tubes, 
as in the Navy evaporators. Each effect contains 106 of these 
tubes. The tubes are of copper, seamless-drawn, 3 inches in 
diameter, and 5 feet and 24 inches in length. The tubes are 
staggered. (See Fig. No. 2.) 

Above these evaporating tubes there is a row of sea-water 
distributing tubes, each having a narrow, longitudinal slot along 
its upper surface. The front ends of these tubes are closed. 
The back ends open into a manifold box on the upper part of the 
tube sheet. Above, below and on each side of the evaporating 
tubes is a vapor space, extending from the tube sheet to the 
front vapor space (marked in the figures, 1 and 2). On the under 
side of the evaporator shell there is a well or a float box to 
which the suction pipe of the centrifugal circulating pump is 
connected. The three circulating pumps of the effects and the 
condenser circulating pump are all on one line of shafting and 
are run by the same engine. 

When the effect is in operation, the steam (live, or exhaust, 
or vapor from a hotter effect) enters the steam chamber and 
passes into the evaporating tubes; this steam is condensed by 
and causes evaporation from the sea water which is being circu- 
lated or showered over the outside of the tubes by the circu- 
lating pump, through the distributing tubes at the top. The 
water of condensation in the evaporating tubes flows, by gravity, 
back into the steam chamber, from the bottom of which it runs 
through a trap and pipe into the steam chamber of the next 
lower effect, where, on account of the lower pressure in this 
next lower effect, it at once vaporizes (in part) and the resulting 
vapor assists in the evaporation of the salt water in this effect. 

A portion of the salt water showered over the evaporating 
tubes is vaporized, and this vapor passes through a large vapor 
pipe, or exhaust pipe! into the steam chamber of the next lower 
effect, where it is used to evaporate the salt water in this next 
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lower effect. The remainder of the salt water falls to the bottom 
of the shell of the effect and into the float box or well, whence 
it is drawn by the circulating pump, to be again showered over 
the evaporating tubes (only a thin film of the liquid being in 
contact with the tubes), which with the constant circulation and 
the easy separation of the vapor from the liquid and the “ film 
evaporation” is a peculiar feature and advantage of this system. 

The circulating pump of each effect has a 2-inch discharge 
pipe. The discharge pipe of each pump leads to the float box 
of the next lower effect. The discharge pipe of the last effect 
leads into the air, and from this last discharge pipe the dis- 
charged brine passes off. The density of this brine is regulated 
by the amount of opening of the discharge valve. The salt-feed 
supply to the first effect (from the pressure-reducing tank) enters 
this first effect through a balanced valve, which is controlled by 
a float in the float box of this effect. This valve maintains the 
salt water in the effect at a constant level. Now, since the dis- 
charge from each effect is the feed to the next lower effect, the 
amount of feed water that passes from the third effect (as vapor 
to the condenser and as discharged brine) determines the 
amount of sea water that is admitted from the second (or next 
higher) effect to the third; and this water that passes from the 
second effect to the third is replaced by the discharge from the 
first effect, which, in a similar manner, is replaced by fresh feed 
from the pressure-reducing tank, entering through the automatic 
float valve of the first effect. 

The sea water is thus constantly passing through the effects, 
being circulated in each, its density increasing as it passes from 
one effect to the next lower. Thus, the level of the sea water in 
each effect, the amount of feed admitted to the first effect from 
the tank, the movement of the sea water from effect to effect, 
are all (automatically) determined by the opening of the dis- 
charge valve of the circulating pump of the third effect. 

This triple-effect portion of the plant was built originally for 
concentrating sugar solutions, and had been actually erected in 
a sugar refinery. The contract for supplying and erecting the 
plant was made during the war with Spain and was a hurry 
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order. As this was the only “ Lillie” triple effect immediately 
available, it was used, by permission of the Department, in filling 
the contract. Its construction would have been slightly different 
had it been built purposely for distilling sea water. 

The pressure-reducing tank serves as a receiver for the heated 
salt water that comes from the heaters at a temperature of over 
300 degrees. If this heated water were sent directly to the first 
effect, much of it would at once vaporize at the low pressure in 
this effect, and would pass directly to the second effect as vapor. 
This vaporization, however, takes place in the tank. As the 
volume of water in the tank is large in comparison with the 
amount passing to the first effect as feed, and hence is not in 
rapid motion, some of the solid matter in the sea water (salts 
that are insoluble at the high temperature above 300 degrees) 
has time to settle and is blown off; the pressure maintained 
in the tank varies from 10 to 15 pounds above atmosphere. 
From one end of the tank (below the lowest water level) a feed 
pipe leads to the automatic valve in the float box of the first 
effect. From the top of the tank the steam (exhaust from the 
pumps and steam from the heated salt water) passes through a 
pipe partly to the steam chamber of the first effect. The greater 
part of the steam formed in the tank is used, however, for heat- 
ing in the first or low-pressure heater. Live steam from the 
boilers is also admitted through a 2-inch steam pipe to the 
steam chamber of the first effect. This is the only boiler steam 
that is admitted to the effects. The condensation from the traps 
of the second and third (or high-pressure) heaters also goes into 
the steam chamber of the first effect. The condensation from 
the first or low-pressure heater goes into the steam chamber of 
the second effect. 

The heaters (see Fig. No. 3) each contain 20 wrought-iron 
steam tubes, 4 inches in diameter by g feet in length. Passing 
through each iron steam tube there is a 3-inch copper water- 
tube, 10 feet 10 inches in length, secured at its outer ends in 
outer tube sheets. The water enters the tubes at the top of the 
heater and flows back and forth through each of the water tubes, 
traveling 108 feet in its passage. The steam for heating is in 
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the annular space between the steam and water tubes. In the 
second and third (or high-pressure) heaters, this steam comes 
from the boilers. 
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As has been said, steam from the boilers is admitted (through 
a Dinkle reducing valve) to the steam chamber of the first effect, 
and also some steam from the pressure-reducing tank. 

The piping is so arranged that chemical solutions may be cir- 
culated through the entire system for cleaning the tubes of the 
heaters and effects. It was found after the six-day run that there 
was only a light scale on the tubes of the heaters, varying from 
gz in the first to 4 in the third. The tubes of the first and the 
second effects were practically clean. In the third effect the in- 
crustation was ;°, inch thick. By operating the plant ina slightly 
different way, as was done experimentally prior to this test, Mr. 
Lillie found no heavier scale in the third than was found in the 
first and second effects. At the end of the third day of the test 
the plant was shut down for several hours to permit the removal 
of this heavy scale from the third effect. In all cases the thick- 
ness of scale was greatest on the lower tubes and on the bottoms 
of the tubes. Mr. Lillie uses the following method of cleaning: 
A solution of carbonate of soda is run through the heaters and 
effects (being heated at the same time). This Na,CO, acts on 
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the insoluble scale (which is mostly sulphate of lime), and solu- 
ble sulphate of soda‘and carbonate of lime are formed, the last 
being soluble in hydrochloric acid. The NaSOQ, passes off in 
the water. A dilute solution of hydrochloric acid is then run 
through the heaters and effects. The remaining carbonate of 
lime reacts with the acid, forming soluble calcic chloride, carbon 
dioxide and water. All soluble salts formed pass off with the 
solutions. Only practical tests will demonstrate fully the effi- 
ciency and practicability of this method of cleaning. 

In this trial only fresh feed (which was a part of the output 
of the plant) was used in the boilers. The plant was at first 
fitted to be worked on a sea-water system. The proposed 
system for this is as follows: The sea water is passed through 
heaters and its temperature raised to that point at which the 
sulphates (scale-forming elements) become insoluble. The water 
then passes to a large settling tank in which the now in- 
soluble sulphates are deposited. From the settling tank the 
water passes to the boilers. Only enough is to be evaporated 
in the boilers to furnish steam for the pumps, etc. (say about 
25 per cent.), the remaining 75 per cent. goes to the pressure- 
reducing tank and thence to the effects for evaporation. The 
boilers were thus to act more as heaters; and even if the scale- 
forming sulphates were not all deposited in the settling tank, 
and much remained in suspension (not in solution) it was thought 
that little or no hard scale would be formed in the boilers owing 
to the facts that the sulphate of lime was not in solution in 
the sea water (only in suspension), and to the other fact that 75 
per cent. of the feed to the boilers was constantly running away 
from the same. As the effectiveness of the settling tank had not 
been demonstrated, and as scale would prove very destructive to 
the boilers, this method was abandoned. As 35 per cent. of the 
total output goes for feed to the boilers, the capacity of the plant 
would be greatly increased if the salt-water system could be 
successfully used. 

The contract required that the plant should prove itself cap- 
able of making from sea water 60,000 U. S. gallons, net, of dis- 
tilled water per 24 hours, for six days of each week. This allows 
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one day out of each week for cleaning, and it is thought that 
this will prove ample, even with heavy incrustations in the third 
effect. With the Yaryan system, as used in the plant at Key 
West, when running only eight (8) hours each day, five days 
out of every forty are required for cleaning; running 24 hours 
each day, 20 per cent. of the time would be required for clean- 
ing. In the Yaryan system the sea water passes through the 
tubes, and the scale formed is less readily removed. 

The results of the six-day test of the “ Lillie” plant are given 
below. From the table it will be seen that, for the total or gross 
output of the plant, 21.58 pounds of water were distilled per 
pound of coal; for the net output, after deducting the feed for 
the boilers, 13.98 pounds of water were distilled per pound of 













coal. 


Mean temperature of the atmosphere...............scscssscosccsescsccesccssevecs 
















WRU NON SURIG OF GN RII 9 obi siisin ese cesessccdciocetacixersseccsestcans 69.58 

Mean temperature of water from condenser to heater...................00008 89.83 

Mean temperature of water leaving heaters...............cseseceeeeececeeeeees 306.7 

Mean temperature of discharged brine.................cescsccsececeeceessereees 140.42 

Mons temuparatare ot fedd WAOF 6.56005 ccccscosccscnconses séasenswesepavonecesens 120.3 

Mean temperatute of distilled water............ccccccccscsccccccccccscccce cocces 109.3 

Mean density of sea water entering first effect.............scsseseseceseeseeees 1.4 
Mean density of discharged brine, degrees B............cseceeececeseeeseeees 8.58 | 
Mean pressure in. boilers, pounds per square inch.,............02.eseeeceeees 115.92 
Mean pressure in reduced-pressure tank...........ccsccsecsccseecssecsceecesees 11.12 

NG NII OU TE BIE ovina cc a. cosssonecaccacrendbsucensapantooboansianeosetie 10.79 
Se I TE TIE Gio ca ci nce p vnccncesnnnccccdtcniccasneuayeadecsuiseawesetoe 






Fee eee eee eee eee e ee eee eee eee eee eee sees esses eeeeeeees 


Feed eee SG CI GR isos da ccc ccionicsnctinsecctbinacniacinsercinsinsnias 











De NIE TE SUNG roc inins on nticicneccnsciqyeacntadooneseenensaianevcatunedias 25,783. 
See NIE Be Faas ceccccsadncedscaceneccedvecsncseecepeucepaebader nies 47,535. 
Tatet Seniee CI, GUI in sisi svcd ccc sinh ae ttiv ees icisaeersadsencosnaae 548,418.64 
Food water mood: im Dollers, gallons... sci: sacccosconcssosesecescsscccsneess 193,856.84 
Gallons per 24 ROWS... <cccsccscccrcsessevescscesssocsvsccsosesiovcczesossooseceses 59,260.3 
Net output in gallons..............cccscccsccsssescvessedsosscs 6 Rchantsonsobcubiees 355,561.8 
Total: water Gaile, nema. i. ssssiisesinnsss ppsesnectavinveisecesinsticveviecs 4,568,327. 
FG IE RE, Biss sii ossc ducoceitsecnctscdcesanntechabiakcovdednacessecs 1,606,497.48 
Net output of distilled water, pounds..............csssecsessseseseeeecseceeceees 2,961,829.79 






Percentage of total water used for feed..........ccssssccscccsecssssesssceecceres 
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a No ocak sete iccecccepisesicsiccivperscceteomeeiansiivs 211,677.5 
I scare antctehradueie tidy eresis oo eartanendibesarentialon 28,275. 
ass sss Ac cnalncciueasanonsbacuba anes eeokeaubebadehonioen 183,402.5 
I Nai recb desis ste csredensccoeresrdsceesecéscestesvorinecteoons 13.35 
Pounds of water distilled per pound of coal...................ccceceeseseceeees 21.58 
Pounds of water distilled net per pound of coal....................eceeceeees 13.98 
Pounds of water distilled per pound of combustible...................e00000 24.98 
Pounds of water net output per pound of combustible.....................0+ 16.14 
Pounds of water evaporated in boilers per pound of coal...............se00 7.58 
Pounds of water evaporated in boilers per pound of combustible......... 8.65 
Ratio of evaporation in the multiple-effect system to the evaporation in 

en Ne I ie i csascednsrcrceacecesambecatnstanctiadbessamencs 2.84 
Se Fie a Oe iii tcnch ese csicctdecsesnccctinsicsacucoscciincctecess 1.84 


The principle upon which multiple-effect evaporators act is 
not generally understood owing to the type being somewhat un- 
common, and, indeed, at first glance, it appears to be something 
of a phenomenon to obtain 20 pounds of fresh water from the 74 
pounds of steam produced by the combustion of one pound of 
coal in the boiler. A short explanation, therefore, of the theory 
is not amiss in completing this report, and it will be of interest 
to all engineers who have noted the output of such plants, but 
have deferred the work of tracing the steps of the operation. 

The figures given below are approximate only, and merely to 
show the theroetical possibilities. No account is taken of loss by 
radiation or discharge of heat with the brine mixtures, while the 
“total heat” of the brine in the several effects is taken as that of 
pure water. Also the water is supposed to be fed to each effect 
at the sensible temperature due to steam at the pressure in each, 
to simplify explanations. Peabody’s tables have been used in 
the calculations. 

The steam chamber and interior of tubes of each effect is here 
called the s/eam side, and the outside of tubes or salt water and 
vapor space is called water side, for brevity’s sake. 


The pressure in the water side of first effect 0 pounds = 14.7 pounds absolute. 
Total heat in 1 pound of feed water at 14.7 pounds (absolute),.... 180.8 units. 
Total heat in 1 pound of sea water at 69.58 degrees Fahrenheit... 37.7 units. 






Total heat to be supplied to 1 pound feed in first effect.............. 143.1 units, . 
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The pressure in the water side of second effect = 5.42 inches vacuum = 12.1 pounds 
absolute. 

Total heat in 1 pound of feed water at 12.1 pounds (absolute)..... 171. units. 

Total heat in 1 pound of sea water at 69.58 degrees Fahrenheit... 37.7 units. 


Total heat to be supplied to 1 pound feed in second effect........:. 133.3 units, . (b) 


The pressure in the water side of third effect = 24.23 inches vacuum = 2.8 pounds 
absolute. 

Total heat in 1 pound of feed water at 2.8 pounds (absolute)...... 106.7 units, 

Total heat in 1 pound of sea water at 69.58 degrees Fahrenheit... 37.7 units. 


Total heat to be supplied to 1 pound feed in third effect............ 69. units, . (c) 


Now let us trace the course of 1 pound of steam from the 
boiler entering the steam side of the first effect. 

The heat in this pound of steam is first utilized to evaporate 
the water in the water side of the first effect until the pound of 
steam condenses to a.pound of water at 10.79 pounds pressure 
(gage). This pound of water then passes over into the steam 
side of the second effect, and as the amount of heat thus utilized 
is the difference between the total heat in the pound of steam at 
the boiler pressure and that in the pound of water to which it 
is reduced, we have: 





Total units of heat in 1 pound steam at 115.92 pounds pressure (gage)........ 1,188. 
Total units of heat in 1 pound water at 10.79 pounds pressure (gage)......... 210.1 
Units of heat supplied to feed water in first effect..........ccccecseescsescseeeeseeees 977-9 


In order to find out how much water these 977.9 units will 
vaporize in the water side of this effect, we first ascertain the 
total heat units necessary to vaporize ove pound of the feed 
therein. From the test record we know the vapor pressure in 
the water side of first effect is o (gage), and that the feed comes 
in from the reducing tank at 11.12 pounds (gage), so that to 
vaporize a pound of this feed to steam at O pressure, we have: 





Total heat units in 1 pound vapor at O pounds gage,...........s:sceceeceeceeeeeees 1,146.6 
Deducting units in the 1 pound feed at 11.12 pounds gage..,..........csesseeeeee 210.8 
Heat units necessary to evaporate 1 pound of feed in first. effect.............00+ 935-8 


Hence with the available heat supplied for this as above we 
can vaporize here 


7 


977-9 + 935.8 = 1.045 pounds. 
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Second Effect—Following the course to the second effect we 
have delivered to the steam side of this, both the 1.045 pounds 
of vapor (at 0 pressure, gage) from the water side of first effect, 
and the 1 pound of water from the steam side of first effect (at 
10.79 pounds pressure, gage) and which was condensed from 
our original 1 pound of boiler steam. 

The heat of this mixture is now utilized for evaporating feed 
water in the second effect and is 


One pound of water, at 10.79 pounds pressure containing.................. 210.1 units. 
And 1.045 pounds vapor containing 1.045  1,146.6...........cseeeseceeeee 1,198.2 units. 


Being a total of 2.045 pounds mixture containing. 1,408.3 units. 


As the pressure in the steam side of this second effect is o, 
this heating mixture evaporates feed of the second effect until 
the mixture becomes water at O pounds pressure (gage), when 
it passes to the steam side of the third effect. 

Total heat units in 2.045 pounds water at 0 pounds (gage), or 
14.7 absolute, is 2.045 X 180.8 = 369.7. 

Subtracting this from the total heat in the mixture, 1,408.3 
units, we have 1,038.6 units available for evaporating feed in 
this second effect. 

As in case of first effect, we now ascertain how much feed 
water in second effect these 1,038.6 units will vaporize. 


Total heat units in 1 pound of vapor in water side of this second effect at 
12.1 pounds pressure absolute (b) 
Heat units in 1 pound feed at same temperature 


Hence the total pounds of feed water evaporated in this effect by 
the 2.045 pounds mixture in steam side = 1,038.6 + 972.6 = 1.07 
pounds. 

Third Effect.—This 1.07 pounds of vapor passes to the steam 
side of the third effect together with the 2.045 pounds of water 
from the steam side of second effect, and we have in the steam 
side of the ¢/ird effect the following heat units: 


2.045 pounds X 180.8 units (14.7 pounds pressure absolute) 369.7 units. 
1.07 pounds X 1,143.7 units (12.1 pounds pressure absolute) 1,221.3 units. 


or 3.1 pounds total mixture with 1,591. units, 
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To vaporize one pound of feed water in this effect, we require 


Total heat units in 1 pound vapor in water side third effect at pres- 
wattle ET 3% GINS ION FC) ook aay 2s 0050s cccsecbacnbasdasccness 1,124.2 
Heat units in 1 pound feed at that pressure.................sceeceeseeeeeees 106.7 





Total heat to be supplied, units 


The heat in the mixture 3.1 pounds in steam side of the third 
effect is utilized to vaporize the above feed water until the mix- 
ture becomes water at 5.42 inches vacuum or 12.1 pounds 
absolute. 


Total heat units in 3.1 pounds mixture at 12.1 pounds absolute................+0+ 1,591. 
Total heat units in 3.1 pounds water at same pressure, 3.1 XX 171. [..s...sceeeeees 532. 
Heat units available for evaporating feed,........ccccsccccscccccssscccsessscccccccocace 1,059. 
Bs 1,059. 
Water evaporated in third effect = : coe = 1.04 pounds. 
,017. 


This, when condensed, together with the 3.1 pounds from 
steam side of this effect goes to the tanks as fresh water, or 
3.1 + 1.04 = 4.14 pounds from 1 pound of boiler steam. 


Total heat units in 1 pound steam from boiler................ccseccseeeseeeeecseeee 1,188. 
Total heat units in 1 pound feed at 120.3 degrees Fahrenheit..............00+ 88. 
Total heat units supplied by boiler to 1 pound water..............secceseeeeserees 1,100. 
Wale CveeRNEE WA CONNE COM vais cisincscccrocsodeccsciicesbacssophcseccesbeevintes 7.58 
Total heat units supplied by 1 pound coal (1,100 K 7.58)......sssceseseseeseees 8,338. 


Heat units supplied to make 4.14 pounds fresh water: 


SRORE WE OES COUNE OE MIN ies vi cce cencascrsccsveghentdndsotionsedesavnessisisenvae 1,100. 
Heat units of 1.03 pounds of feed, first effect, 1.033 XK 143-Tecseseeeeeee 148. 
Heat units of 1.07 pounds of feed, second effect, 1.07 KX 133-3....-seeeveee 143+ 
Heat units of 1.035 pounds of feed, third effect, 1.04 KK 69. .s.sscsseeeeee 72. 





1,463. 





One pound of fresh water requires, therefore, <a = 353 heat 
units, and — 


One pound coal would produce “33° = 23.6 pounds fresh 


water under the assumed conditions noted on page 96. 
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FRESHLY HEWN OR GREEN WOOD AS FUEL. 


MEMORANDA By LiguT. ALBERT Moritz, U. S. N. 


On May 31, 1899, at about 2°30 P. M., the U. S. S. Newark, 
en route to Valparaiso from Montevideo, put into Port Low, 
Chile, short of coal. 

Port Low is a safe harbor on the northern end of Guyatecas 
Island, one of the Chiloe group, off the coast of Chile. Its shores 
are well wooded, fresh water is obtainable, and clams, mussels 
and game birds abound. It is uninhabited, save by occasional 
parties of fishermen from nearby settlements. 

As soon as possible after anchoring a working party of about 
fifty men, provided with axes, sledges, hammers, mauls, wedges, 
etc., was sent ashore to fell and split trees into cord wood. When 
fifty cords had been stacked, about forty additional men were de- 
tailed to bring the wood to the ship. They used all the ship’s 
available boats, and were generally towed both ways by the steam 
launch. 

On June 8, in seven and one-half working days—a working 
day meaning leaving the ship at 7°00 A. M., returning to the ship 
for dinner at noon, leaving the ship at 1 P. M., and returning at 
5, or about eight hours—125 cords were stowed in the ship’s 
bunkers, consuming nearly all the space usually occupied by 
795 tons of coal, reckoning 42.5 cubic feet to the ton. 

Fifteen furnaces had been prepared in the mean time for 
wood burning. The grate bars were lowered six inches by lift- 
ing the bearing bars out of the usual supports and dropping them 
into the corrugations of the furnaces. The nine remaining fur- 
naces were left as for coal, and the tubes and back connections 
thoroughly cleaned. The interiors of the boilers were in ex- 
cellent condition for steaming.* 

* The Mewark has four double-ended, six-furnace Scotch boilers; length of boiler, 


19 feet 4§ inches; diameter of boiler, 13 feet 6 inches; total grate surface, 540 square 
feet ; total heating surface, 16,736.5 square feet. 
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Fires were lighted at 7°05 A. M., June 8th, in all furnaces, with 
thoroughly dry wood, old boxes, barrels and oily waste; some 
green wood, split into small pieces, was used for packing. The 
temperature of the water in the boilers was 50 degrees Fahren- 
heit. At 12°00 M. it had risen 15 degrees. All the coaxing of 
half the engineer’s force, splitting the wood finer, the use of oil- 
saturated waste, dipping the wood in oil, spraying the fires with 
kerosene, packing thoroughly and lightly, zigzag, and every 
other way of burning wood known to us, had but little effect. 
The wood would not burn. 

As a last resort the bars were removed entirely from one fur- 
nace, and the fire started anew in the ash pan. For a time the 
prospect brightened, and as rapidly as possible the bars of all the 
furnaces were removed and fires built in the ash pans. With 
considerable coaxing, and much splitting of the wood, incidently 
and accidentally breaking a number of floor plates, we managed 
to form steam in one boiler at 7°00 P. M., five minutes less than 
twelve hours from the time fires were lighted; we did not get five 
pounds of steam until midnight, or about seventeen hours after 
having lighted fires. During the remainder of the night the 
pressure on all boilers increased about three to five pounds per 
hour. 

The steam thus generated was enough for heating the ship, 
and occasionally running a feed, a flushing or a bilge pump, the 
jacking or the work-shop engine, but it was evident that we 
could not make enough to run one main air pump. 

During the oth of June the fires improved, so that it was be- 
lieved that two boilers—twelve furnaces—would do for heating 
purposes after that night. On June 1oth a good bed of wood 
coals encouraged us to let another boiler go, and get along 
with one—six furnaces. 

By this time we found that the only way to get the wood to 
burn was to split it as fine as possible, and in this work we were 
assisted by the ship’s force, who turned the berth deck into a 
wood pile during the day. 

Each boiler in use consumed wood at the rate of eight or 
nine cords per day. The difficulty in burning it was due to its 
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greenness and thorough saturation. The following table gives 
accurate data on this point: 


Weight after being thor- 
, ‘ oughly dried over en- | Per cent. of moisture, 
Specimen. “— a ee gine-room battle grat-| based on weight of 
dias : ings, 3 feet above L.P.| green wood. 
cyl., Aug. 18,1899. | 

A 74 —C 37 5° 
B 52 24 55.8 
C 59-25 27.25 54 
D 23 15 34.8 





The Indian or Spanish-Indian names of the specimens were 
obtained from Indian and Chilian traders who visited the ship 
from Melinka, a nearby settlement. They called A, a large, 
smooth-barked, straight-grained tree, white and fibrous, corre- 
sponding nearly to North American beech, Mahiu; B and C, 
species of cinnamon laurel, of very much the same appearance 
as A, Canelo; D, a very hard, tough, non-fibrous wood, small 
trees, Luna. 

D was undoubtedly the best burning wood, but unfortunately 
this was not known until all of the 125 cords was on board ship; 
it represented less than 4 per cent. The balance was about 
equally divided between A, B and C. 

The specific gravity of either of the samples of green wood 
was greater than that of sea water, as sticks when dropped over- 
board sank very rapidly. When dry, the wood compared in 
weight with our hickory, hard maple, white oak, beech, red and 
black oak ; specific gravity about 0.9. 

The average weight of one stick of the wood when green was 
52 pounds, and it took 125 sticks to make a cord, this being the 
average of four carefully stacked cords, so that a cord of green 
wood weighed 6,500 pounds, or, using 52 per cent. as the mois- 
ture equivalent, that being the average of the greater part of the 
wood we had, about 3,120 pounds if dried out thoroughly. 

“ Kent’s Mechanical Engineer's Pocket Book,” under the head 
of “ Heating Value of Wood,” states it is safe to assume that 2} 
pounds of dry wood are equal to I pound average quality of 
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soft coal. On this assumption one cord of this wood, if dry, 
would have been equivalent to about 1,387 pounds coal. 

The same authority says that if wood is not dry, each 10 per 
cent. of moisture will detract about 12 per cent. from its value as 
fuel. Hence, 5.2 X 12== 62.4. Deducting 62.4 per cent. from 
1,387, we have but 522 pounds, as the coal equivalent of one 
cord of the green wood. So the whole 125 cords had a coal 
value of but 65,250 pounds, or about 29 long tons. 

The data given is original and accurate, and it is interesting 
to compare it with data given by authorities on wood in Kent, 
Haswell and other pocket books. 

The following points are given as a practical-result of the 
wood-burning experience at Port Low: 

1. Green wood cannot be burned rapidly enough to generate 
sufficient steam to run a main engine. 

2. In using green wood, do not allow more than 500 to 600 
pounds as the coal equivalent of one cord. 

3. In burning wood, especially green wood, in Scotch boilers, 
remove grate bars and burn in ash pans. 

4. One cord of wood stowed in bunkers occupies the space 
of about six tons of coal. 

5. Fifty sailormen—not professional woodchoppers—can fell, 
split and stack 125 cords of wood in seven and one-half working 
days of eight hours each. This is equivalent to about one-third 
cord per man per day. 

6. Twenty-four hours is required to raise steam of fifty pounds 
pressure from water at 50 degrees Fahrenheit in a six-furnace, 
double-ended Scotch boiler. Ten cords of green wood is re- 
quired to form steam, and ten cords additional to raise the 
pressure. 

7. If it is necessary to use steam to any considerable extent, 
such as running a flushing pump and an auxiliary condenser, it 
is impossible to maintain fifty pounds pressure. A dynamo 
engine of about twenty-seven I.H.P.—80 volts, 200 ampéres— 
could not be run at all. 
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INTERCHANGEABILITY OF UNITS IN MACHINERY. 


By W. D. Forses, AssociATE MEMBER. 


Interchangeability in small and often large mechanical con- 
trivances has resulted in cheapening product and adding to the 
comfort of all those who have had anything to do with mechan- 
ics. There is no place where the simplicity of parts is such an 
advantage as in weapons of war, and especially at sea. Weight 
afloat is such an important consideration that every care has to 
be taken not to incur it in the shape of unnecessary spare parts, 
but to be without these entirely might prove disastrous. 

The value of interchangeability of parts is recognized by 
naval men, but cannot interchangeability of units be introduced 
to a very great advantage? That is, why cannot, for example, 
the circulating-pump engines of a torpedo boat be so made 
that for a destroyer, exactly the same design in every respect 
may be used? Perhaps the design would not be exactly right 
for either destroyer or torpedo boat, as it might not take twice 
the power for the larger boat, yet, provided the weight is not 
too much, the fact that artificers and officers going from one 
boat to another would understand the details of these engines 
without having to make any investigation or studying of them, 
would be very advantageous. 

Again, in case of actual warfare, a badly disabled destroyer’s 
circulating-pump engine paiis could be taken to make good that 
of a torpedo boat, or the entire pump could be taken from one 
boat to another. To illustrate the matter of this auxiliary pump, 
the small engine shown in the cut was built for a torpedo boat, 
but a destroyer could have a second engine fitted on the inboard 
side of the shaft, and the total weight of the two single-cylinder 
engines would be 270 pounds as against 300 pounds weight of 
the double engine which is to be used in the destroyer, and this 
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extra 30 pounds would, perhaps, be made up in the additional 
weight of the bracket on the inboard end of the pump. Again, 
a double engine has about the same number of working parts as 
the two single engines, so nothing is lost or gained in that 
direction. It is, of course, a little more trouble to fill the oiling 
boxes on two engines than on one, but the same number of oil 
drips would have to be looked to in either case. The two 
single engines however have the advantage of being entirely in- 
dependent of each other, and if one gave out or was damaged it 
could be disconnected and its mate left to “hobble home” with, 
or out of the way of the enemy, while with a double engine if a 
part gives out it is a case of the entire loss of power until repairs 
are made. 

There is, to-day, among pumps makers, a good system of inter- 
changeability in the wearing parts of each individual pump, but 
the interchangeability of the entire unit of one maker for another 
is not regarded. There is no reason why the position of the 
holding-down bolt holes should not be as carefully jiged as the 
valve-chest cover holes, not only in relation to each other, but 
in relation to the position of these holding-down bolt holes with 
the induction’ and exhaust. This would make the entire pump 
unit readily replaceable, one with another, to the great advantage 
of the people afloat. It is assumed, the idea of making some- 
thing different from somebody else so as to insure repairs coming 
home is an exploded commercial system. 

The idea of interchangeability of units can also be very easily 
carried out on small engines, such as are used in the launches of 
the Navy. It simply means that the largest engine which the 
department is willing to use for a given output of power must 
be taken, so to say, as a standard, and all the smaller engines, 
which, by reason of higher rotative speed, variations in propor- 
tion, etc., etc., give equal power, must be made to conform to this 
largest size, as regards the position of the holding-down bolt 
holes in the bedplate, the position of center of shaft coupling 
and position of its face, and also the exact positions of the steam 
and exhaust openings. The rest of the engine design can be 
left to the vagaries of designers. 
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In case a launch engine needs repairs, the engine can be 
readily lifted out of the hull and replaced by one of another 
make, provided the above conditions are adhered to, and of 
course an engine can be overhauled in the shops or on board a 
repair ship much more economically and expeditiously than in 
the hull of the launch. 

_ At first sight this idea does not seem very practical, but a 
little measuring and thought will show it is. The Navy could 
accomplish this end by establishing a standard for the positions 
of the various parts above named, and launch-engine builders 
could and would conform to the demands laid down. 

In regard to boilers, the same idea can be carried out as with 
the engine; certain positions must be established for feed water 
inlets, blow-offs, steam connections, etc., leaving the detail of 
the design of the boiler to the general fantastic “ cussedness” of 
boiler designers throughout the world. 

Referring again to the question of small engines of the auxili- 
ary class, it certainly is preferable, for instance, to have torpedo- 
boat blower engines exactly the same as those of destroyer 
blower engines, running those on the latter boats at higher 
revolutions to obtain a larger supply of air, while these revolu- 
tions could be cut down to meet the demands of the similar 
boats. It is, of course, true that a small saving of weight might 
be effected by making separate designs, but that would not 
amount to very much; there would be the minimum weight in 
the destroyers which require the greater speed, and at most 
there will be but a slight additional weight to be cared for in 
the torpedo boat. 

Referring to what is now being furnished to the government in 
the line of auxiliary engines, inspectors sometimes request modi- 
fications in the details of engine designs which come under their 
particular inspection, when an engine exactly similar in general 
design may be building at some other works than those with 
whom the inspector is detailed. This, of course knocks the in- 
terchangeability of parts most effectively on the head, demand- 
ing extra attention on the part of the officer in charge, and on 
account of the engines being in general appearance exactly alike, 
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the change in detail is likely to cause serious trouble even when 
the officers in charge are using the utmost care. 

De To illustrate this point, the piston rods of a small auxiliary 
engine were modified by an inspector so that in one case the 
piston rod could be readily drawn through the stuffing box 
while in the other a shoulder on the upper end of the rod 
demanded a specially designed stuffing box. The drawing on 
board would show this difference in design, but it is so small 
that it is likely to escape notice. 

In short, it is fair to say that the interchangeable-unit idea 
presents no insurmountable barriers, it simply needs skill in 
making a compromise, which is always demanded in engineer- 

‘ ing. It will result in some slight additional weight at times, a 
considerable larger margin of power than is needed at others, 
but, in small auxiliary machinery particularly, the practical ad- 
vantages far outweigh the objections. 

. The matter is more seriously worthy of study by the designers 

of our own naval machinery by reason of the fact that every 

indication points to the early addition of a great number of new 
vessels, both large and small, to our fleet, and there appears to 
be no good reason why provision for interchangeability should 
not be at least begun now. 

The advantages of the system are left to the consideration of 
those who know what it is to be ten miles from a lemon and to 
want lemonade. 
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THE PROPERTIES AND POSSIBLE USES OF 
NICKEL-STEEL. 


From “ Engineering News.’’ 
g g 


The world’s production of nickel in 1897 amounted to 5,429 
tons, the bulk of which came from the Canadian mines and from 
those of New Caledonia. In 1890 a conservative estimate places 
the total production of nickel at about 7,000 tons. During the 
interval between these two dates no new mines of any import- 
ance were discovered, the increase recorded being due wholly 
to the greater output of the well-known nickel-producing dis- 
tricts named. These facts are worth noting carefully, as they 
establish the physical limit of nickel-steel production until some 
new discovery or development, of which we now have no indi- 
cation, lays open a greater wealth of nickel ore for our use. 
Employed in the usual proportion of 3 per cent. to 34 per cent. 
as an alloy of steel, the nickel output of 1899 would make about 
230,000 tons of nickel-steel. As already stated, these figures 
establish the physical limit of nickel-steel production at the 
present time. For obvious reasons the commercial limit is 
much below these figures. Under no circumstances, therefore, 
which we have any reason to anticipate can nickel-steel consti- 
tute more than a small percentage of the total steel consumption 
of the world. This is a fact which it is important to keep in 
mind in any speculation upon the future development and pos- 
sible uses of nickel-steel in engineering works. 

The fact that we so soon reach a limit in the possible produc- 
tion of nickel-steel cannot be anything but a matter of regret to 
engineers. Of all the various alloys of steel which have come 
into prominence in recent years, that of nickel and steel ad- 
mittedly presents the greatest promise of general utility for 
engineering purposes. Considering the truly remarkable prop- 
erties of the metal, however, the quantity consumed for other 
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purposes than armor plate is, it must likewise be admitted, sur- 
prisingly small. One reason for this is, of course, that while the 
purposes for which it has been chiefly employed are important, 
they do not call for large quantities of material. A second 
reason is undoubtedly to be found in the higher price of the alloy 
as compared with simple steel. Giving these facts all the promi- 
nence which is their due, however, it must be ackowledged, we 
think, that the failure to take full advantage of the opportunities 
which nickel-steel offers as a structural material is due to the 
fact that engineers are to a considerable extent unacquainted 
with the true properties and limitations of the material. This 
lack of familiarity is doubtless unwarranted by the lack of reli- 
able information, but there is no doubt but that it generally pre- 
vails, and, moreover, that it is in many instances responsible for 
the hesitation with which engineers are adapting nickel-steel to 
many uses for which it is particularly well adapted. 

We have been prompted to make these remarks by reading 
the excellent paper on nickel-steel, which was presented at the 
San Francisco meeting of the Institute of Mining Engineers by 
Mr. David H. Browne, in September of last year. This paper is 
by all odds the best general summary of the present experience 
and opinion respecting the properties and uses of nickel-steel 
which has appeared for some time. In view of the conditions 
just mentioned, moreover, much of the information which it con- 
tains respecting the properties of this useful alloy, and particu- 
larly the speculations which it suggests respecting its more gen- 
eral adoption in engineering work, are of exceptional interest. 

At the very outset Mr. Browne points out that the physical 
tests of metallic nickel furnish no explanation of its remarkable 
effects when alloyed with iron. The most notable of these 
effects is the manner in which it increases the elastic strength of 
the steel to which it has been added. This fact is not exhibited 
so much by the increase in the elastic limit of the steel as it is by 
the greatly-increased resistance which it develops against numer- 
ous and repeated strains. Expressed in another way, the addi- 
tion of the small percentage of nickel extends the limit at which 
molecular fatigue begins, as distinguished from molecular distor- 
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tion, which is the elastic limit of the metal. The testing-room 
parlance of America has no well-known designation for the 
former phenomenon, but among European engineers it is com- 
monly known as the “limit of proportionality.” The limit of 
proportionality is always considerably inside the elastic limit, and 
it is in increasing this that the greatest influence of the nickel alloy 
is exhibited. 

A few figures of the results of tests will demonstrate the nature 
of the quality just mentioned more clearly. According to tests 
made by Professor Rudeloff, of Berlin, an alloy of 8 per cent. of 
nickel with pure iron has 3.8 times the elastic strength of the 
pure iron. With higher percentages of nickel the limit of pro- 
portionality decreases. In tests made by numerous and rapidly 
alternating flexures at the Pope Tube Works at Hartford, Conn., 
it has been found that taking 0.1 per cent. carbon steel loaded to 
about 60 per cent. of its elastic strength as a basis, and assuming 
that it will withstand 100,000 flexures, then a 0.25 per cent. 
carbon steel will withstand about 200,000; a 0.5 per cent. carbon 
steel about 400.000, and a 0.25 carbon and 5 per cent. nickel- 
steel will withstand about 1,000,000 flexures. The enormously 
greater ability of nickel-steel to resist fatigue as shown by these 
last figures is the property which most emphatically distinguishes 
it from simple steel. 

Turning now to the influence of the nickel alloy upon the 
elastic limit and ultimate strength of steel, we find it somewhat 
more difficult to draw accurate comparisons. The percentage 
of carbon present and the character of both the mechanical and 
heat treatment have so great an influence upon these properties 
in steel that it is unusually difficult to obtain identical conditions, 
except, of course, in the percentage of nickel. Furthermore, 
the effect of the nickel varies with the percentage of carbon 
present in the steel. Its addition always increases both the 
elastic limit and the ultimate strength, but the proportion of in- 
crease is greater with steels high in carbon than with those low 
in this element. A few figures selected from different sources 
by Mr. Browne, and rearranged here in more convenient form 
for comparison, will serve better than general statements to show 
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, the effect of a nickel alloy upon the elastic limit and ultimate 
strength of steel. These figures are in all cases the results of 
actual tests of the material. It will be noted particularly that 
those furnished by the Bethlehem Iron Company, show that in 
a 0.2 per cent. carbon steel the gain in the elastic limit due to 1 
per cent. of the nickel is 5,714 pounds, while in a 0.5 per cent. 
carbon steel it is 10,570 pounds. Tests made by other experi- 
menters give other values, but they all bear out the general truth 
of the statement made above: 


TABLE SHOWING INCREASE IN POUNDS PER SQUARE INCH DUE TO ADDI- 
TION OF 1 PER CENT. NICKEL TO STEEL. 








| Per cent. Elastic | Ultimate 
Teste Made by— | Carbon. | Limit. | Strength. 
Coa G inte Deer O06 ino 5 lacescsnds ecsncsiscavdéestal o.1 4384 | 3,814 
Pe Fe We vs cnevdacs corasebossncccnhvebosoates 0.25 4,000 | 5,000 
Be I von son conkcscigeivns sévusonasveeacsss | 0.14 5,485 | 3,509 
OTN RO SS sicksivesicatssccseeses ‘sinnbctoute | 0.2 5,714 | 8,571 
BOCA BIO CG... ccs encsaes> sseseecobindesssbovee 0.5 | 10.570 8,571 


ROME ORO cisckccowsscncleckascokeoncessasece I.t | 18,597 20,484 





The particularly remarkable feature of this increase in ulti- 
mate strength and elastic limit due to the addition of nickel is 
that it does not materially reduce the ductility of the steel. 
When compared with simple steels of the same percentage of 
carbon, nickel-steel shows a slight decrease in elongation and 
contraction of area, but when compared with simple steels of the 
same strength and elastic limit it shows an increase in both of 
these properties. Mr. Browne considers that, as a rule, a 3 per 
cent. nickel-steel will have from 20 per cent. to 30 per cent. 
greater elongation than a simple steel of the same tensile 
strength, while, as compared with a simple steel of the same 
carbon percentage, the nickel-steel will have about 40 per cent. 
greater tensile strength and practically the same elongation and 
reduction of area. Besides adding to its ductility the use of 
nickel alloy with steel materially increases its ratio of elastic 
limit to ultimate strength. 

When tested by impact for flexure, nickel-steel shows greater 
stiffness and greater toughness than simple steel, the ratio of in- 
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crease with 3 per cent. nickel-steel being, respectively, about 
48 per cent. and 45 per cent. Its resistance to compression 
increases* directly with the percentage of nickel up to 16 per 
cent., when, according to tests made by Mr. R. A. Hadfield and 
quoted by Mr. Browne, the samples showed a shortening of 
only 1 per cent. under 100 tons pressure as compared with a 
shortening of 50 per cent. exhibited by simple steel. Like its 
compressive strength, the shearing strength of nickel-steel in- 
creases directly with the proportion of nickel up to 16 per cent., 
when it is about one-third greater than that of simple steel. 
The loss of strength by punching nickel-steel is not greater 
apparently than that of mild boiler steel. Steel which contains 
over 3 per cent. of nickel is very difficult to weld. The me- 
chanical working, that is, rolling, hammering, etc., of nickel-steel 
materially increases its strength and ductility. One of the most 
notable properties of nickel-steel, however, is its great increase 
in elastic limit and ultimate strength due to quenching. Its 
great sensitiveness to heat treatment places the proper annealing 
temperature for nickel-steel considerably below that required for 
simple steel. In proportion to its c.astic and tensile strength, 
nickel-steel is softer than ordinary c.rbon steel, and its density 
is about the same for small percentages of alloy. Nickel-steel 
suffers less from corrosion than ordinary steel, the difference 
being very slight for the regular 3 per cent. to 34 per cent. 
nickel-steels, and increasing up to 18 per cent. nickel-steel, which 
is practically non-corrodible. All nickel-steels have a high 
electrical resistance, the resistance of from 25 per cent. to 30 
per cent. nickel-steel being about 48 times that of copper. The 
coefficient of expansion varies between wide limits, depending 
upon the percentage of the alloy. 
This preceding enumeration of the chief properties of nickel- 
steel, which is necessarily very much condensed as compared 
with their statement in the paper, bears out fully, it seems to us, 
Mr. Browne's assertion that it is a metal of remarkable charac- 
teristics. Of the various properties mentioned, it is evident 
that the increased capacity to do work due to its resistance to 
molecular fatigue is of the most importance to the mechanical 
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engineer. Stated plainly, the engineer has in the ordinary 0.2 
per cent. to 0.4 per cent. carbon and 3 per cent. to 5 per cent. 
nickel-steel, a metal with all the ductility of a low-carbon steel, 
and at the same time the strength and stiffness of a high-carbon 
steel. These qualities suggest at once the utility of nickel-steel 
for purposes where a decrease in the weight and dimensions of 
the component members is desirable in connection with the 
ability to endure heavy and continuous work. Shafting, piston 
rods, crank pins and the like are good examples for such mem- 
bers, and it is for them that nickel-steel is principally employed, 
excepting always armor plate, of course. At this point a few 
words may well be said toward setting aright the quite common 
impression that the extra cost of nickel-steel of necessity pre- 
cludes its use for other purposes than high-priced special forg- 
ings of the character mentioned. 

Allowing a price of 35 cents per pound for nickel, the usual 
addition of 3 per cent. of that metal to steel increases the cost 
of the raw material about one cent per pound, or $20 per ton, 
according to Mr. Brown’s calculations. After the nickel-steel is 
once in ingot form, it costs no more to work it than it does 
ordinary carbon steel. The question then is, does this increase 
of cost of $20 per ton count nickel-steel out of consideration for 
the more ordinary structural purposes where rolled plates and 
shapes are employed? Let us see, for example, how this ques- 
tion will be answered in bridge work, which is one of the most 
important engineering uses of steel. In bridge material high 
elastic strength is held paramount to greater tensile strength 
accompanied by a lower elastic limit. Opposed to this there is 
the equal necessity that the material shall have a high degree 
of ductility or toughness to withstand the impact shock of roll- 
ing loads. In the combination of these two qualities nickel-steel 
possesses, as has already been pointed out, a marked superiority 
over carbon steel. If the two metals were equally available at 
the same price, there would not, we think, be much doubt that 
the bridge engineer would always select the nickel-steel for his 
work, With the difference in cost which actually exists the 
problem is more difficult to settle. It resolves itself into the 
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question whether the superiority in the working strength of the 
nickel-steel will allow members made of it to be constructed with 
enough smaller section to make up in reduced weight for more 
than the extra cost of the nickel-steel. If this cannot be accom- 
plished there is obviously little use in considering the general 
substitution of nickel-steel for bridge work, and this is evidently 
a question which will need more data to settle conclusively than 
we have at present. 

There is, however, still another feature of this subject. If it 
should be settled that the use of nickel-steel throughout is 
undesirable, is it not quite possible that it may be substituted 
with advantage in place of the commonly used hard and medium 
carbon steels for certain members. The severe duties of bridge 
eye bars, for example, have led, in some recent instances, to the 
use of simple steel having as high as 0.4 per cent. of carbon in 
order to get the necessary high elastic limit. In this manner 
the engineer gained his immediate object, but he did it at a loss 
in the ductility of his members and at the danger of deterioration 
in manufacture. The thing which it is chiefly important to point 
out, however, is that the same high elastic limit can be obtained 
by using nickel-steel and still retain all the ductility of a steel 
low in carbon. These few remarks are necessarily incomplete, 
but they indicate, we think, that the possible use of nickel-steel 
for bridge and structural steel work is by no means one which 
can be ruled out of consideration by engineers, without careful 
investigation. 

Turning now to the other remaining extensive use of nickel- 
steel in plates for boiler and tank work, and for ship’s hulls, Mr. 
Browne points out that in some respects this material presents 
even greater claims for consideration than it does in bridge and 
general structural work. No less an authority than Sir William 
Henry White, Director of Naval Construction of the British 
Navy, has said that, by using nickel-steel in an Atlantic liner of 
20 knots speed, about 1,000 tons in weight could be saved, which 
could be used in increased capacity for freight or which would 
suffice to raise the speed one knot without altering dimensions. 
In warships this reduction of the dead load would be of even 
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greater importance by adding to the coal capacity and the weight 
available for armor and armament. The fact that the loss by 
corrosion of nickel-steel exposed to salt water is much less than 
that of carbon steel, constitutes another element of especial fitness 
for hull plates. The experience with nickel-steel for boiler plates 
is limited, but its suitability for this purpose seems evident. Its 
greater elastic and tensile strength, and far greater ductility in 
proportion to its strength, suggests its special fitness to meet the 
increasing pressures, greater strength and more severe duties 
which are now being required of steam boilers, especially for use 
on shipboard. 

So far we have been chiefly engaged in pointing out some of 
the possible fields of utility for nickel-steel. To catalogue the 
uses to which the new alloy has already been put with greater or 
less success would take more space than can conveniently be 
given in these columns, but a brief review of a few of them is 
desirable. 

As a material for armor plates the nickel-steel alloy has proved 
its advantages beyond question, and nickel-steel armor plate is 
now employed by all the naval powers. It has gained an almost 
equally permanent standing for the construction of shafting and 
engine forgings for warships and for the more costly vessels of 
the mercantile marine. The principal reason for this popularity 
of nickel-steel in marine engine forgings is, of course, the great 
reduction in weight which it affords as compared with simple 
steel of the same strength. For example, the hollow nickel- 
steel propeller shaft of the U. S. S. Brooklyn has a diameter of 
17} inches, and weighs 19,112 pounds. According to calcula- 
tions made by Mr. H. F. J. Porter, M. Am. Soc. M. E., a solid 
simple steel shaft of the same strength would be 18.9 inches in 
diameter, and would weigh 53 per cent. more. Another ad- 
vantage of nickel-steel for marine engine construction is its 
greater safety, owing to the warning which it always gives of 
failure. 

The same characteristics which make nickel-steel shafting and 
forgings superior to ordinary carbon steel in the engine room of 
a warship suggest their utility for other purposes where the 
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requirements are similar, and it is natural to find that this mate- 
rial is winning its way in the field of railway mechanical engi- 
neering. In some respects this is a more promising field of 
usefulness than that of naval construction. It is, however, one 
which is controlled by more conservatism and particularly by a 
greater need of making every item of extra expenditure pay for 
itself in increased durability and efficiency. For such purposes 
as locomotive piston rods, crank pins, etc., nickel-steel has already 
gained a firm footing in the mechanical departments of American 
railways. In England tests made on nickel-steel driving-wheel 
tires have shown that they possess a material superiority over 
the low-carbon steel tires commonly employed in that country. 
The usual English specifications require that railway tires shall 
stand compression one-sixth of their diameter without cracking. 
Actual tests made on 39$-inch tires of 0.18 carbon and 3 per 
cent. nickel-steel are given by Mr. Browne, which show that the 
tire was compressed to Ig inches, or more than three times what 
the specifications required, without showing signs of fracture. 
Tests of the steel axles, of which 600 were supplied for the 100,- 
ooo-lb. ore cars of the Pittsburg, Bessemer & Lake Erie R. R., 
showed that axles of 0.25 per cent. carbon and 3 per cent. to 34 
per cent. nickel-steel were as stiff under impact as ordinary steel 
of 0.4 per cent. to 0.45 per cent. carbon, and would withstand 50 
per cent. more blows. In every case the nickel steel axles gave 
warning of failure, while the common steel broke short without 
warning. 

Among the miscellaneous or special uses to which Mr. Browne 
mentions nickel-steel alloys as being applied are resistance wire, 
bicycle tubing and spokes, staybolts, fire-box sheets, boiler 
tubing, firearms, safes and vaults, bobbin spindles, and a great 
variety of other purposes for which some peculiarity either of 
strength, ductility or incorrodibility gives it special fitness. One 
of the most promising of these uses for nickel-steel is the making 
of tool steel of it. Extensive experiments in this direction have 
been made by the Damascus Steel Company, of Pittsburg, Pa., 
and they are of so interesting a character that we quote the 
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results given by Mr. H. J. Williams, of that company, to Mr. 
Browne, as follows: 

“Sound billets of nickel-steel of any desired percentage in 
nickel or carbon can now be obtained. The working of these 
billets into tools or wire rods presents no especial difficulties. 
The nickel-steel works tougher than simple steel ; causes more 
rebound of the hammer and necessitates a lighter draft on the 
rolls or dies. 

“For tools, the alloy containing about 0.80 per cent. carbon 
with 3 per cent. of nickel, is probably the best alloy for every- 
day use. Increasing the nickel to 5 or 6 per cent. increases the 
strength, but necessitates skilled treatment in forging. Tool- 
steel with 0.80 per cent. carbon, and from 3 to 5 per cent. nickel, 
possesses all the hardness of high-carbon simple steel, without 
its brittleness. Nickel-steel shows very pronounced toughness. 
If nicked when hot, and then struck on the anvil after it has 
cooled, it is very liable to break under the hammer—not at, but 
beyond the nick; while carbon steel almost invariably breaks 
at the point where it was nicked when hot. This nickel tool 
steel has a satin grain and does not crack on quenching as readily 
as simple steel; the tensile strength runs as high as 260,000 
pounds per square inch. A nickel-steel tool containing 4 or 5 
per cent. of nickel, with 0.80 per cent. carbon, is as hard after 
tempering as the best simple tool steel of 1.00 to 1.25 per cent. 
carbon, without the brittleness and glassy nature which distin- 
guish the latter. When used for drills, the nickel-steel appears 
to work with much less than the usual friction, and does not 
become so hot in use as carbon steel. 

“Up to 6 per cent. of nickel, the hardness obtained by quench- 
ing is as largely dependent on the amount of carbon present as 
in simple steels, the only difference being that nickel-steels ap- 
pear to attain a desired temper with 0.20 to 0.30 per cent. less 
carbon than simple steels. Nickel-steels are consequently ex- 
ceedingly sensitive to heat treatment, but on the other hand, 
are less easily spoiled by overheating, and therefore may be 
worked at somewhat higher heat than a carbon steel that will 
give the same temper.” 
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While the list of uses for nickel-steel which have been men- 
tioned is necessarily far from being exhaustive, it shows clearly, 
we think, that there is a very wide field for its employment by 
the engineer. The fact that only about 10,000 tons of nickel- 
steel were produced in the United States in 1899 for other pur- 
poses than armor plate also indicates, we think, that engineers 
have only just begun to wake up to the fact that they possess in 
this new alloy a remarkable metal for high-grade machine and 
structural work. This a condition which we may expect to see . 
remedied, but there is another difficulty in the way of the more 
universal use of nickel-steel which would be otherwise possible, 
which is the limited amount of available nickel. 

At the present time there aze only two regions in the world 
which produce nickel in any quantities, and their output is not 
large and does not show any signs of being capable of a notable 
increase. It is not well known, even, so far as we have been able 
to discover, just what the extent of these mines is, and whether 
they are capable of indefinite expansion or are likely to be soon 
worked out. One thing we do know, and that is that the in- 
creased demands for nickel in 1899 raised the price about five 
cents per pound, with the prospect in view of further advances 
during the present year. It needs no great argument to demon- 
strate that this will cut short the demand for steel making, which 
might otherwise be expected during 1900. 

All things considered, then, it seems that the greatest bar to 
the increased employment of nickel-steel by engineers beyond a 
few important purposes where great quantities are not required 
and where cost does not count, is the questionable ability of our 
present mines to produce the requisite supply of nickel at reason- 
able prices. 
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POWER LOSSES IN THE MACHINE SHOP. 


By CuHarves H. BENJAMIN. 


[Reprinted from “ Cassier’s Magazine.”’] 


The object of a machine shop, with its array of glittering ma- 
chines, its maze of belts and long lines of shafting, is to remove 
a certain amount of metal from the rough casting. The shop 
which will do this with the least expenditure of time, labor and 
coal is the best shop, and will net its owner the largest returns. 
It may be well to note that the two elements of time and human 
labor are by far the most important. A good machine must do 
its work accurately and rapidly, and must require the minimum 
of attendance, since the interest account and the pay-roll far 
outweigh the expense of power. 

Admitting this, the fact still remains that a saving of power is 
not to be despised, and will help to tip the balance in the right 
direction. One who has not given the subject special attention 
would, doubtless, be astonished to learn how small a fraction of 
the power generated in the engine room finds its way to the 
points of the cutting tools. Stating the case roughly, for the 
ordinary machine shop, every one hundred indicated horsepower 
of the engine may be thus distributed :— 


Horsepower. 
PRG WE NS finds Serasci cn sdeenscnsnnnsdisncded dogeescbeunseusbieutsbusavestededens 10 
AR OE I a citnasicinnsscesscqcostntaatnenencersenprbisbnaisseatolincen tela 15 
TRG GIG Roi cccvccnceecencevecsusrosevcnsseyssnenchvobsocasectatevecunesteiebedvie 15 
Ey WR ntcinkenckssssccnnccsenpsstansenens snttyaeniacbeisentnnactambesaedoude 15 
Cattle Weta oo o00ess2scs.cccccccncocnedccoscnccsnsvossacbeceaccscsecsssessctonsoneopee 45 
WORE snssshcharescdeccetiaintasebcssanpestednadesteravkemuanindpiguaiansss 100 


Even this efficiency would probably be realized only when all 
the machines were working at their full capacity. 

The power required to remove the surface of metal depends on 
the nature of the material and the shape of the cutting tool. 
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Cast iron consumes the least power of any of the metals in com- 
mon use and ‘the harder grades of steel the most power. To 
remove a pound of cast iron per hour on an engine lathe will 
take from 0.015 to 0.030 H.P., according to the nature of the 
tool, with a safe average of 0.025, or 7, of a horsepower. 

To remove a pound of machinery steel per hour on the same 
machine will take about 0.04, or 3; of a horsepower. Average 
engine lathes of from 14 to 20 inches swing will remove from 10 
to 20 pounds of cast iron per hour when cutting at full capacity, 
and consume from } to 4 H.P. in the useful work. In turning 
machinery steel the same machines will remove from 5 to 10 
pounds of metal per hour, at an expenditure of from } to 2 H.P. 

The power expended in running the machine alone will de- 
pend very much on its condition. The writer has seen the 
horsepower consumption of an engine lathe increase from 0.36 
to 2.3 H.P. in a few minutes on account of the main spindle be- 
coming dry. The power required to run the average lathe 
before mentioned, when empty and in fair working condition, 
will be from 0.04 to 0.16 H.P., exclusive of countershafts, the 
lower values being for slow speed and the higher for fast speed. 
A tightening of the work between the centers may easily raise 
this to 0.30 or 0.40 H.P. If +; of a horsepower be assumed as 
an average value of the machine friction, and added to the cut- 
ting power, the total power consumed by an ordinary lathe will 
vary from ,°; to 78; H.P., exclusive of counters and belts. 

Experiments made at a prominent American locomotive 
works on large lathes used for turning driving wheels, and 
driven by electric motors, showed the average power consumed 
by an 84-inch wheel lathe to be 1.75 H.P., and the average total 
power used when cutting 5.8 H.P. In considering this extraordi- 
narily large result, it is enough to say that the tools in this shop 
are worked to their full capacity and remove more metal per 
hour than is generally believed possible. A number of tests on 
different lathes, conducted by Prof. J. J. Flather, have shown an 
average total horsepower of 0.57, the lathes ranging in size from 
12 to 80 inches swing. A series of experiments made by the 
writer on nine different engine lathes, ranging in size from 12 to 























POWER LOSSES IN THE MACHINE SHOP. I2! 


22 inches swing, gave an average total cutting power of 0.21 
H.P., the machines in this case running under ordinary condi- 
tions and not loaded to their full capacity. 

It may, then, be safely assumed that an allowance of } H.P. 
for the average load, or 4 H.P. for the maximum load, on each 
engine lathe in an ordinary machine shop will be sufficient. 

A number of different experiments with an iron planer, 24 
inches by 24 inches by 6 feet, have shown a consumption of 0.035 
H.P. for every pound of cast iron removed per hour and a con- 
sumption of 0.065 H.P. for every pound of machinery steel re- 
moved per hour. Itis more difficult toset a planer tool correctly, 
and it is more liable to become dulled, than the lathe tool. A 
planer of the above size may remove 20 pounds of soft steel or 
30 pounds of cast iron in an hour, consuming, in cutting metal, 
1.3 H.P. on steel and 1.05 H.P. on cast iron. These, however, 
are large values, and in ordinary work this machine would not 
consume over $ H.P. 

The power required to drive the empty planer is variable, 
being greatest on the return stroke on account of the faster speed 
and rising to a maximum at the instant of reversal. This has 
been clearly demonstrated by means of diagrams taken with 
a recording dynamometer from the planer above referred to 
when empty and when cutting cast iron at the rate of about 25 
pounds per hour. 

It may be seen that the time of return is just one-half that of 
the forward motion. The power used in cutting is greatest at 
the beginning of each stroke, but this may be due to a differ- 
ence in the depth of cut or hardness of the metal. The jumps 
in pressure due to reversal are about the same, but those at 
the end of the return are much greater than those at the end of 
the forward motion. The average power consumed is about 
0.50 H.P. for the empty machine and 1.00 H.P. for the total 
when cutting. The maximum power at the instant of reversal 
is 2.8 H.P., but much of this will naturally be supplied by the 
stored energy of the line shafting. With a heavy planing 
machine taking a light cut, more power will be used in running 
back than when cutting. 
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Six experiments with the planer before mentioned show an 
average horsepower for the empty machine of 0.25 when run- 
ning forward, and 0.55 when running backward, with a general 
average of 0.35 for the whole time. This would give a total 
consumption of power when cutting metal of 0.50 to 1.65 H.P., 
with a probable average of about 1 horsepower on ordinary 
work. 

From the experiments at the locomotive works before re- 
ferred to, the following results were obtained in the case of 
large planing machines: 


TABLE I. 


Horsepower. 





Size. | Motor Empty Total cutting. | Average. 
| and shaft.| machine. | 


| Minimum. | Maximum. | 











62 inches by 35 feet... 4.4 11.4 | 20.6 21.6 21.1 
62 inches by 35 feet...) ...... 5.8 | 23.0 26.0 | 24.5 
36 inches by 12 feet...) 2.7 3.0 | 11.3 13.8 | 12.5 
24 inches by 13 feet...) 1.95 4:3 sdeas fest Ses 8.0 
36 inches by 18 feet...| 3.2 Oe Seer? ener 16.7 
56 inches by 35 feet...| 4.6 9.9 13.0 > 13.3 
56 inches by 24 feet...) 4.56 oi wae 4 we ) eae 





In all the above planers two tools were used and the machines 
were worked to their full capacity. 

Shaping machines will ordinarily remove more metal per 
horsepower per hour than the larger planers. This is probably 
due to the fact that in the former case the light tool carriage 
consumes less power than the heavy platen of the planer with 
its load. The average amount of power required to run a 16- 
inch shaper is about 0.15 H.P. when empty, and about 0.65 
H.P. when removing 10 pounds of cast iron per hour. Five 
different shaping machines, varying from 4 inches to 29 inches 
stroke, showed by test to require an average of 0.48 H.P. 

Drill presses such as are ordinarily used in shops require but 
a small amount of power, and most of this is consumed in driv- 
ing the machines alone; + H.P. would be a fair allowance for an 
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upright drill of 24 inches swing when drilling holes not over 
one inch in diameter. In drilling steel at the full capacity of the 
drill, this has been known to increase to ? H.P. 

Milling machines of the universal type, with centers swinging 
10 inches in diameter, when running empty consume an inap- 
preciable amount of power, usually less than 34; H.P. The 
amount of metal cut per hour by such a machine is ordinarily 
much less than with lathes or planers, and the power required 
per pound is much greater. Professor Flather gives the horse- 
power consumed by the milling machine per pound of metal per 
hour as 0.14 for cast iron, 0.10 for bronze, and 0.30 for tool steel, 
or about four times as much as would be used by a planing or 
shaping machine under the same circumstances. The total 
power used by the milling machine mentioned above would vary 
from 3; to} H.P. In estimating the power that will be required 
to drive the tools in an ordinary machine shop doing medium 
and light work, the preceding figures show that an allowance of 
from } to 4 H.P. for each engine lathe and shaper, 1.0 H.P. for 
each planer and } H.P. for each drill press and column milling 
machine would be ample. The machines would never be run 
all at one time at full capacity. 

A comparatively small amount of power is consumed by an 
ordinary counter shaft, when in good condition, but the com- 
bined losses due to the loose pulleys, the clutches and the pull 
of belts on counters and line shafting are considerable. The 
line shaft in a shop under the writer’s care is 14% inches in diam- 
eter and go feet long, and is supported by twelve drop hangers, 
with ball-and-socket joints. This shaft drives nine engine lathes, 
a planing machine, two shapers, two drill presses, a milling 
machine, and several smaller tools. 

To carry these various machines, thirty belts, having an 
average width of 24 inches, run from the line shaft to the 
counters of the machines. The extreme right of the diagram 
shows the power required to run the whole overhead system of 
shafting, belting, clutches and loose pulleys, without special 
oiling, the horsepower developed being 1.39. The belts were 
then removed from the pulleys and hung up so as not to touch 
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the shaft, when the second line was traced, giving a horsepower 
of 0.46. 

This leaves a difference of 0.93 H.P. for the friction of the 
counters and belts when the machines are not running, or twice 
the friction of the line shaft. The inclined line shows the effect 
of flooding the bearings of the line shaft with a thin machine oil, 
the power falling to less thano.10 H.P. Replacing the belts on 
the pulleys gave the last line with a horsepower of 1.02. The dif- 
ference between this last and the friction of the shafting is still 
0.93 H.P., as at first, and shows the power wasted in belt trans- 
mission. 

A test made on this same line several days later, with the 
machinery at work, about eight machines being in operation 
with ordinary loads, showed a horsepower of 2.51. Subtracting 
1.39 for the horsepower of shafting and belts, leaves 1.12 H.P. 
for the power consumed by the eight machines, or about 0.14 
H.P. per machine. The percentage of power consumed by shaft- 
ing and belts is thus 55 per cent., leaving 45 per cent. for the 
machines themselves. A subsequent test when fifteen machines 
were in operation, with comparatively heavy cuts, gave results 
as shown in Table II. 








TABLE II. 

Kind of machine. | Material. Size of stock. | Depth of cut. | Horsepower. 
Milling......cie.ese5s Wrought iron. 1.25 in. square. Oo8 inch. | 0.092 
BM uisassuckicoenad Machinery steel.| 0.7 in. diam. o07 | 0.183 
RMB prcncccusaseseed Machinery steel.| 0.86 “ 005 |“ 0.183 
BAM cs ste secencces Cast iron. 748. « 0.04 “ 0.183 
iscsi sinkedaan Machinery steel. | r.0 “ O10 “ 0.183 
BM Piscicosccsstesses Machinery steel.| 0.56 “ Om « 0.274 
BM isivicvsecsnscnsy Cast iron. 95.2 g03 * 0.137 
| Machinery steel.| 1.02 “ 0.04 “ 0.320 
MMB iovansiievenssond Machinery steel.| 1.58 “ o.15 « 0.323 
BG isctepacoiesesed Cast iron. 17.49. .* o.12 “ 0.137 
ee Cast iron. 48. in.stroke. | O15 “ 0.960 
TNGOE sc cccucecconces Machinery steel. | 13.5 * 0.06 0.274 
IE cossdccetenses Cast iron. 12.5 “ 0.06 “ 0.274 
BP istecccsnssaness Machinery steel.| 1. in. drill, | ws 0.274 

Machinery steel. | alah eS) CAND 0.046 


The total power used by these fifteen machines was 3.84 H.P., 
The total power rsed by shafting 


or 0.255 H.P. per machine. 
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and belts was 1.28 H.P. This experiment gives just 75 per cent. 
of power consumed by the machines and 25 per cent. by the 
overhead losses, and probably represents the best that can be 
expected. Assuming that the power consumed in cutting the 
metal is three-fourths of the power used by the machine, the 
work will be distributed about as follows :* 


ST BORNE), CE IE aii vasa cc cok ncaa sass. sciaancnanedsephartaneabasenaberpengopatad 12.5 
CE A Siig sacikces iva snncss cicinicsn vobeseeaenabeethectteseansith 12.5 
I I BI inde sisi cec endacccbidurdessdpcascnadunthesstorben eesasarmesadeespiobes 18 
RD Wg I GIN eosin cence vciincskcqrineccsctinascppanhibbennncae ah eaingubeess amines 57 


During the winter of 1898-99 several tests were made under 
the direction of the writer on the power consumed by the shaft- 
ing, belts and machines in several different rooms of a large manu- 
facturing establishment. The results may be summarized as 
follows: 

Room No. 1.—This room was used as a repair and tool room, 
and contained the following equipment: 

Shafting 142 inches in diameter and 100 feet long, running at 
175 revolutions per minute. 

Eleven journals on main shaft, 12 feet apart. 

Forty-one belts of an average width of 3 inches. 

Four medium drill presses. Five medium shapers. 

Six engine lathes, 12 inches to 22 inches swing. One wood 
lathe, 12 inches swing. 

Two surface grinders. 

One 18-inch planer. Three medium milling machines. 

Emery wheel and grindstone. 

The test began at 10.45 A. M., and continued until 5 P. M. 
Only a few machines were running at a time—from two to five 
lathes, one of the milling machines, a drill press and one of the 
grinders. The average power consumed by the shafting and 
belts was 3.36 H.P. and by the machines 1.65 H.P., a total of 
5.01 H.P. This room used, therefore, one-third useful and two- 
thirds waste work. 





[*A series of interesting diagrams drawn by a recording dynamometer accompany 
the original paper and clearly demonstrate the distribution of power.—Ep. ] 
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Room No. 2—This room contained the following machinery 
and shafting : 

Shafting, 2 inches in diameter and 85 feet long; 311 revolu- 
tions per minute. 

Twelve journals on main shaft, three of them roller bearings. 

Thirty-four belts of an average width of 1 inches. 

Eleven smal] automatic screw machines. 

Two milling machines, 8 inches by 24 inches. 

Seven engine lathes, 13-inch and 14-inch swing. 

Two turret lathes. 

The test began at 6.40 A. M. and continued until 4.55 P. M. 
In this case about twelve machines were running most of the 
time, but the load was variable. The total average power used 
was 8.93 H.P., of which 2.84 H.P., or about 32 per cent., was 
consumed by the shafting and belts. 

Room No. 3.—This room contained shafting and machinery 
as follows : 

Shafting, 75 feet long, 146 revolutions per minute, nine 
journals. 

Nineteen belts having an average width of 3 inches. 

Three special lathes. Nine drill lathes. 

One engine lathe. Three drill presses. 

Horizontal drill grinder, emery wheel, etc. The average 
number of machines running was five, and the load was ex- 
tremely variable. The test began at noon and lasted until 5 
P.M. The total power used was 2.31 H.P.. of which 1.33 H.P. 
was consumed by shafting and belts, or a loss of 57 per cent. 

The experiments on these three rooms show about what may 
be expected in ordinary practice, when no special effort is made 
to keep all the machines in operation or to load them to their 
full capacity. 

In April, 1899, a test was made at a pattern shop to show the 
power consumed by wood-working machinery. The following 
list indicates the shafting and machinery tested: 

Shafting, 1} inches in diameter, 70 feet long, 294 revolutions 
per minute. 

Thirteen belts, having an average width of 2.32 inches. 
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Five journals on main shaft, 8 feet apart. 

Seven wood-turning lathes, 10-inch to 14-inch swing. 
One patternmaker’s gap lathe. 

One band saw, 36-inch wheels. 

One circular saw, 8-inch. 

One buzz planer, 14-inch head. 

A summary of the results of several tests is subjoined : 


Horsepower. 
Buzz planer, empty 
Buzz planer, cutting 
Circular saw, cutting 
Band saw, cutting 
All machines, cutting 
Shafting and belts 
Shafting alone 


These experiments show the following distribution of power : 


Horsepower. Per cent. 
Shafting alone ; 12 
Belts and Pulleys ; 22 
Machines, cutting a 66 


100 


In a series of experiments made in 1895-96, and first reported 
to the American Society of Mechanical Engineers, the writer 
determined the power losses in twelve different machine shops. 
In six shops using heavy machinery the average power con- 
sumed by engine, shafting and belts was 62 per cent. of the 
whole, and in six shops using light machinery 55 per cent. was 
the average loss. Nearly all the shops were running at what 
they called full capacity. 

Table III shows the distribution of the waste and useful horse- 
power in ten of these establishments. The friction horsepower 
per counter shaft is quite uniform in these different cases, being 
about 0.6 H.P. for the heavy work and 0.2 H.P. for the light 
work, The useful horsepower per machine naturally varies 
considerably, but averages about 0.5 H.P. per machine. This 
corresponds well with the figures that have been given pre- 
viously. 
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TABLE Iil. 
Friction horsepower. =i Ml 
eas 
Nature of work. | Per bear- | Per coun- Per Per cent. .20% 3 
ing. ter. belt. of whole. me 
DOU DO Diraiecorcsczerecseccess | 0.550 | 0.538 0.477 65 0.310 
Bridwe WOtK.......ccccccccececes 0.337. | 0.606 0.521 80 0.164 
Heavy machinery............... | 0.581 | 0.665 0.453 57. | 0.707 
Heavy machinety............... | 0.799 | 0.600 0.475 54 0.627 
BE sinsntiesoveniese |} 0.567 | 0.602 0.481 64 0.452 
Light machinery............+0+. | 0.204 | 0.155 0.095 51 0.790 
SMR Gioia socinnkinw'esanes= | 0.689 | 0.127 0.119 54 0.809 
SURG GION onsccccts<cccosecsees | 0.240 | 0.121 0.113 52 0.881 
Sewing machines............... 0.397 | 0.269 0.208 57 0.180 
Sewing machines............++- | 0.406 | 0.172 0.154 69 0.181 
Screw machines.........00..000- | 0.633 | 0.291 0.235 47 0.296 
PT ic cicss <tscviensess | 0.428 0.189 0.154 55 0.406 


After studying these apparently excessive losses due to the 
ordinary system of transmission by belts and pulleys, one na- 
turally turns to electrical transmission for relief. It is not best, 
however, to be too sanguine in regard to the newer way. The 
experiments made in the locomotive works, which have been 
already referred to in this article, show the power consumed by 
heavy machine tools when driven by independent motors. 

An average of sixteen tests on different lathes, planers, slotting 
machines and boring mills gives 8.85 H.P. for the machine and 
work, and 2.35 H.P. for the motorand counter shaft. Thus, we 
see that when the machines were run under the most favorable 
conditions, the motor and its shaft consumed nearly 25 per cent. 
of the total power used, which is fully as much as would be lost 
in well-constructed line and counter shafts. 

When the group system of electric driving is resorted to for 
smaller machines, we have a mixture of the old and the new. 
Table IV gives a summary of the principal results obtained 
from tests of machine tools where these were driven in groups 
by electric motors. 

We may, then, safely predict a ‘os of at least 25 per cent., 
whether wires or belts and shafting be the transmitting agent. 
The extraordinary losses shown by some of the shops referred 
to in Table III, were due in most cases to an excessive use of 
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TABLE Iv. 

Length of line shaft in feet........s.sssesssssseseseeeeerees 60 |100 | 60 | 80 
Diameter of line shaft in inches.............cscsecececseee 243) 27% 21 243 
Speed of shaft, revolutions per minute.................. 150 | 150 150 150 
I Oe I aicsinintictscctisnteckcoceeusaienccone 13 | 33 17 8 
FRE Si aicssrvecnssectvececcsesccscenseseocsosenent 34.2 | 40.7 31 21.9 
Horsepower of motor and shafting...............ssceeee 15.1 12.1 | 88 5.8 
ROSSOW ET GF WIRTIB ER. oc06 coc ccccescssecescocscecscosess 19.1 | 28.6 | 23 16.1 
Average horsepower per machineé............00..sseeeees 1.47| 1.24 | 1.35 2.01 
Per cent. of total horsepower for motor and shafting, 44 | 30 | 25.8 26.5 








line shafting, one establishment having nearly 1,500 feet of shaft- 
ing to drive 70 machines and losing 80 per cent. of the power 
on its way. In some cases the alignment and general condition 
of the shafting was poor. 

The principal arguments for the introduction of electrical 
transmission have not to do with saving of power, and may be 
thus summarized : 

1. Better arrangement of machinery to facilitate handling of 
work. 

2. Clear head room for the use of electric cranes and small 
hoists. 

3. Light and cleanliness. 

4. General flexibility of the system for changes and exten- 
sions. 

5. The use of electricity for other purposes than power. 
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By LIEUTENANT COMMANDER A. B. WILLITs, U. S. N. 


1. Bearing Metals—In modern machinery design the most 
ample proportions are given to the main journals of steam engines 
in order to secure the desired speed of rotation without overheating 
and with only a moderate and economical lubrication. Unfortu- 
nately, however, in the case of the machinery of our naval vessels, 
this moderate lubrication falls to the management of the engi- ( 
neer who takes charge of the plant subsequent to the builder's 
trials, for no limit is placed upon the quantity of lubricating oil 
to be used, or actually used, during the full-speed runs before 
acceptance. 

Reports of these trials may indicate that no excessive heating 
of the journals occurred, and that “ only slight streams of water” 
were kept running on them as a precautionary measure. Con- 
sequently, as the work of turning out for examination a large 
number of bottom brasses is a work of considerable difficulty, 
and involves a material expense and delay, it is not usually 
demanded by the trial board where no evidence of defect is 
made apparent during the trials. 

When, however, later on in service, and prior to any repetition 
of the severe tests given on the official contract runs, the brasses 
are overhauled for adjustment, it is not an unusual thing to find 
many of them more or less scored or pitted, and the actual bear- 
ing surface thereby considerably reduced from that designed. 
Of course, these discoveries are generally followed by a direct , 
assertion that the journals had become overheated on the official 
trial. Further criticisms are also evoked on the composition 
of the lining metal, but as all the evidence is circumstantial, the 

matter seldom comes to official light. 

To officially limit the amount of oil to be used on the bearings 
of a naval vessel on her contractor’s trial would create what 



































OBJECT LESSONS. 13% 
might be termed “anxiety,” to say the least, and would be met 
with the reminder that newly-machined journals must have 
abundant lubrication until they become worn down to good- 
running surfaces, and that an economical limit is not possible until 
this is accomplished. Practically this is not true, as anyone 
knows who has followed the construction of high-class marine 
machinery at the works of our own builders and remembers 
the admiration he felt and expressed at the perfection of finish 
and surface given to these principal supporting points, both 
on journal and lining metals of brasses, as they are prepared 
for the maiden ordeal which decides the highest speed of the 
ship. Seldom thereafter will these journals be found more 
highly polished or more uniformly distributing their pressure 
on the brasses. 

As regards the question of lining metals, more can be said. 
Not that there are few good compositions from which to choose, 
for the possibilities of securing patents on closely-allied mix- 
tures are obvious, and have resulted in more brands and claims 
than in fortunes for their inventors. Granting, therefore, a good 
composition, there is a point too frequently lost sight of which 
has a most important influence on the result in use, and this is 
the manner of mixing and casting. 

In the tin-copper-antimony mixture, such as is considered 
standard by the Bureau of Steam Engineering, there is danger in 
adding the tin too soon or at a too high temperature. Indeed, 
it should not be added until the pot has been removed from the 
furnace, and then the whole should be quickly covered with 
charcoal, while the tin is dissolving. Antimony tends to coarse 
crystallization, but properly handled, and in small proportions, 
it is a very satisfactory alloy. 

Fig. 1 illustrates a condition of lining metal, the prototype of 
which is familiar to most naval engineers. Evidently local heat- 
ing, induced by lack of uniformity of the metal, has resulted in 
the pitting shown, hard spots rapidly increasing the friction at 
such points. This non-uniformity may be attributed to either 
segregation or coarse crystalline structure. 

Mr. Robert Job, the chemist of the Philadelphia and Reading 
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Railway, contributes an interesting article to the February 
“American Engineer and Railroad Journal,” on “ Some Causes 
of Excessive Heating in Bearing Metals,” and alludes to the effect 
of coarse crystallization as creating such local heating, owing to 
the varying degrees of hardness. 

The article noted is one of a number recently written on the 
subject, and it appears that both in this country and in Germany 
a coincident interest is being taken in this field. 

The use of the microscope has enabled enquirers to determine 
specific causes for such overheating which, heretofore, have 
been more or less conjectural. The conclusions of the investi- 
gations point to the following as the main reasons why local 
overheating occurs. 

Coarse crystalline structure. 

Segregation of the ingredients. 

Excessive inclusion of gases or of dross. 

The lack of proper lubrication should be included, though in- 
vestigation seems to show that a relatively small percentage of 
the bearings examined had been discarded owing solely to this 
particular cause. 

Segregation, it is stated, has been found to be due in many cases 
to an attempt to alloy the metals in improper proportions, this be- 
ing notably the case in some of the copper-tin-lead compositions 
in which an excessive proportion of lead had been introduced, 
resulting in the liquation not merely of a portion of the lead, 
but often also that of a part of the copper into “ copper spots,” 
thereby producing surfaces of relatively high heating capacity, 
and ultimately causing “ hot boxes.” 

It is possible to prevent to a certain extent these segregations 
in a wrongly-proportioned composition bya rapid chilling of the 
metal immediately after pouring. As such practice is at the ex- 
pense of the ductility of the metal, and causes an increase in 
brittleness, with consequent rapid wear in service, it is not recom- 
mended. Overheating, combined with rapid pouring and feed- 
ing, is also a common cause of segregation, as under such con- 
ditions the metal in the mould remains for a considerable time 
in a molten condition, and by chilling gradually is given the 
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greatest possible chance to solidify in definite natural alloys, 
throwing out whatever excess of metal may be present beyond 
these proportions, and thus resulting in segregation. 

Attention is called to the practical effect of these segrega- 
tions, for it is evident that instead of an alloy of uniform hard- 
ness and heating capacity there is a mixture, some portions of 
which are relatively very hard and others very soft, and this 
difference, combined with that occasioned by the varying heat- 
ing capacity of the different portions, naturally localizes friction 
and ultimately results in excessive heating. In a homogeneous 
alloy or composition no such conditions exist, and while, as is 
true of some compositions, some of the metals may be present, 
at least in part, in mere mechanical mixture and not as a definite 
alloy, yet the particles may be made so small by proper foundry 
practice that the friction throughout the bearing is practically 
uniform, and undue local heating is not liable to occur, excepting 
through some outside agency. 

Coarse crystalline structure which appeared in many defect- 
ive bearings examined, was in some cases attributable to the 
composition of the alloy, antimony especially tending in this 


direction. 


In many cases, however, it has been traced to the 


foundry practice, often being due to rapid pouring at high tem- 


perature. 


Crystallization was also caused in some cases by the 


presence of an excess of various materials which were originally 
added as deoxidizing agents. Phosphorous and silicon are good 


examples. 


These, if added in suitable proportions, depending 


upon the condition of the metals, effect cleansing and free the 
metal from a large proportion of its enclosed gas, adding greatly 
to the fluidity and thus rendering the casting less porous, and at 
the same time increasing strength and ductility often to a marked 
extent, correspondingly increasing the capacity for wear. Ex- 
cess of these materials beyond the amount required for deoxida- 
tion appears not to be thrown off from the metal in the form of 
oxides very appreciably, but causes crystallization. 

In noting this coarse crystallization in the bearing, special 
attention is called to increased local heating, which results in 


the same manner as in the case of segregated bearings, owing 
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to the varying degrees of hardness and heating capacity of the 
constituents, while at the same time the ductility of the metal 
and the tensile strength are materially decreased. As the 
rapidity of wear with a given strength has been proved re- 
peatedly by different experimenters to increase with the brittle- 
ness, it thus becomes evident that the durability of one of these 
crystallized bearings in service is bound to be defective owing to 
an excessive rate of wear, even though the heating which would 
naturally result should not occur. 

A serious and easily avoided cause of trouble is the presence 
of particles of dross or oxidized metal mechanically enclosed, 
and also of large amounts of occluded gas in the metal. In 
the former case a hard cutting surface was presented to the jour- 
nal, causing increased friction and hence heating. The presence 
of occluded gas in excess also tended in the same direction by 
reducing the actual bearing surface of the brass. 

Heavy Forgings.—Fig. 2 shows a solid (?) steel forging, which 
was worked under too light a hammer. It was bored out and 
then machined in half in.order to observe the effects or defects 
carefully. The illustration needs but little explanation other 
than this, the surface obviously being drawn out without really 
forging the interior of the mass. With the present methods of 
hydraulic squeezing there is little chance of lack of pressure 
being delivered to the core of even the largest masses forged, 
but where steam hammers are used it is well to remind the 
users of the futility of “ sending a boy to do a man’s work.” 

Copper Fiping.—Fig. 3 illustrates the still common deteri- 
oration of copper piping on shipboard. Notwithstanding the 
number of years during which this has been going on, there 
remains uncertainty regarding the cause and a continued search 
fora remedy. It appears that electrolysis must have its potent 
yet mystic finger in the brew, as was pointed out some years 
ago by the Engineer-in-Chief, for the trouble seems to have only 
begun in earnest with the installation of electric-lighting plants 
on our metal ships. 

Consistent and persistent experiments along well-thought-out 
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lines have been planned, but owing to exigencies of the service 
with ships in commission, the necessary overcrowding of the 
engineer officers with multifarious duties, the varying and con- 
stantly changing conditions under which duty of vessels is 
directed, have made thus far progress toward a solution of the 
problem extremely slow. 

To those who cannot see the existent difficulties in the way 
of fuller experimental work, we can only say that neither inter- 
est or purpose are lacking—the means alone, at least at present, 
being unobtainable. 

Individual experiments, on a minor scale, have been made on 
certain vessels in the line of insulating sections of piping there- 
tofore evidencing rapid deterioration, and while unofficial reports 
have indicated either great improvement, or at least lack of fur- 
ther defective showing, the element of time has not been satis- 
factory, and track frequently lost of the experiments when the 
officers originating them were detached. 

The rapid “corrosion” of condenser tubes has been a most 
expensive result of this mysterious action of the elements. 
When it costs from five thousand to ten thousand dollars to 
retube a pair of main condensers, the durability of the tubes is 
a matter of vital import. Here again is the irrationality of the 
“agent” visible, for on some ships under exactly similar service 
of both condensers, the tubes of one condenser will continue to 
“oo” while those in the other condenser will remain intact—no 
difference being in the material of the tubes. The question has 
been considered of insulating such a condenser from the hull 
and all connecting piping, placing non-conducting liners under 
the supporting frames and insulating the attaching bolts by non- 
conducting thimbles and washers; all attached piping to be 
similarly insulated. While this is possible, we still have the 
steam link through which stray currents may enter unchecked 
and effect a mischief. 

With condenser tubes as well as copper pipes, tinning does 
not seem to be a preventive; neither does the particular com- 
position, from pure copper to Muntz metal, save the pipes or 
tubes. 
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It is a fact that steam piping does not come in for the attacks 
of the invisible enemy, but only piping in contact with sea water. 

For cold water suction pipes a remedial application is found 
in cleaning the interior and coating it with hot asphalt or pitch, 
but full and satisfactory reports are still in the future regarding 
the permanency of the coating and extent of its protection. 

For condenser tubes, limited experiments with an alloy of 
nickel point to a possibility in that direction which is to be 
further looked into, as, while the cost of the alloy is apparently 
prohibitive, it is only so and not rea/, as, when the frequency of 
renewal is considered, it would pay to buy tubes of pure silver 
if they would prove to be permanently efficient. 

It is suggested that a deeper personal interest be taken by the 
individual engineer on shipboard in tracing the cause of this 
trouble and in reporting the effects of the methods he may 
adopt in attempting to remedy it. With careful work on the 
part of many, following such suggestions as they may conceive 
to be best, much light may be secured that will be helpful in 
speedily illuminating the particular dark spot in question. 

Steam Engine Progress.—The present object lessons may be 
allowed the inclusion of a few of the curves which Dr. R. H. 
Thurston presents to the readers of “ Cassier’s Magazine” of 
January issue.* They are so graphic and lead us to such 
unavoidable conclusions that they are really the best kind of 
object lessons. Dr. Thurston’s article will be widely read by 
engineers, yet we venture to reproduce here two of the simpler 
curves to give an indication of the character of the illustra- 
tions which abound in the article itself. From them one can 
foresee the great probabilities,and, as Dr. Thurston remarks, we 
may expect within a very few years to see steam pressures for 
engines of high efficiency mount to 1,000 pounds per square 
inch. What prophet can delineate the steam engine of the year 
2000? What a world of possibilities is contained in the con- 
ception ! 





* “A Century’s Progress of the Steam Engine.” 



























u3d 1334 


STEAM PRESSURES IN MARINE ENGINES. 
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NOTES. 


THE MEETING OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 


The Twentieth Annual Meeting of the American Society of 
Mechanical Engineers was held, December 5 to 7 last, at the 
Society’s House. The opening session was held on Tuesday 
evening, at which time the President, Admiral George W. Mel- 
ville, U. S. N., delivered an address on “Engineering in the 
United States Navy.” The first session for professional papers 
was on Wednesday morning. The report of the council, pre- 
sented by Secretary Hutton, showed a roll of 15 honorary 
members, 1,417 members, 123 Associates, and 402 Juniors, a 
total of 1,957. 

Mr. Geo. H. Barrus submitted the final report of the Boiler 
Trial Committee, which was accepted and the committee dis- 
charged. 

The tellers announced the election of the regular ticket, which 
was as follows: President, Mr. Chas. H. Morgan. Vice-Presi- 
dents, Messrs. E. D. Meier, Geo. R. Stetson, B. H. Warren, Jesse 
M. Smith, Stevenson Taylor and David Townsend. Managers: 
Messrs. Geo. Richmond, Jas. B. Stanwood, H. H. Suplee, E. C. 
Felton, A. M. Goodale, R. H. Soule, F. H. Boyer, Jno. A. Bra- 
shear and Alfred H. Raynal. Treasurer: Mr. Wm. H. Wiley. 
Secretary: Prof. F. R. Hutton. 

The proposed European trip was then described by Mr. Hen- 
ning, who stated that members and their families to the number 
of about 500 had signified their intention of going, and some 
hundred more might do so. The only steamer which could be 
secured to cary 500 was Fuerst Bismarck, of the Hamburg- 
American Line, which was booked to sail the last of May. No 
defininite arrangements had been made. It is probable that a 
meeting will be held in Cincinnati in May, even if a party goes 
to Europe. 
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The first paper presented was called “ The Steam Engine at 
the End of the Nineteeth Century,” and was from Dr. R. H. 
Thurston. It described the quadruple-expansion Nordberg 
pumping engine, built for the Pennsylvania Water Company and 
erected near Pittsburg, and gave the results of the test of the 
pump made by Professor R. C. Carpenter. The paper con- 
tained the table of pumping-engine performances prepared by 
Mr. George H. Barrus for the New England Water-Works As- 
sociation, and also data prepared by Professor Unwin and Mr. 
Bryan Donkin concerning recent tests of economical steam en- 
gines. Dr. Thurston compared in a most interesting manner 
the experimental data with the working of the ideal engine of 
Carnot, and traced the reduction of wastes which has followed 
the advance in knowledge of engine’construction. 

In the discussion of the paper Mr. Charles T. Porter raised 
an objection to its title on the ground that a year must lapse 
before the end of the century, and during that time he expected 
to bring out an engine which would operate with g pounds of 
steam per horsepower per hour. He therefore requested Dr. 
Thurston “ not to seal up his paper, but leave him a place on the 
last page.” Mr. Porter proposes to use a steam pressure of 300 
pounds per square inch to expand to 10} pounds absolute, to 
use a piston speed of 1,200 feet per minute and to jacket the 
heads, barrels, ports and pistons of his engine with steam. 

The next paper was by Professor C. V. Kerr, of the Armour 
Institute, Chicago, and discussed the Berthier method of coal 
calorimetry. The Boiler Trial Committee recommended the 
use of the Mahler calorimeter for determining the heat value of 
fuels, but admitted that the apparatus was complicated and ex- 
pensive. The Berthier method, the author believed, is much 
simpler and less expensive. In it the coal is heated in a crucible 
with oxide of lead. The combustible constituents of the coal 
unite, in burning, with oxygen obtained from the oxide of 
lead. From the weight of reduced lead found in the crucible 
at the completion of combustion, the amount of oxygen re- 
quired for combustion can be calculated. The heat value of 
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hydrogen and carbon in the fuel being different, it is necessary 
to determine how much of the oxygen obtained from the oxide 
of lead was used to oxidize the hydrogen and how much to 
oxidize the carbon, and for that reason the Berthier method is 
uncertain unless the amount of carbon and hydrogen in the fuel 
is known. The author derived the general formula that F 
pounds of fuel will evolve 423.42 + F heat units per pound, in 
which Z equals the weight of metallic lead reduced, and F 
equals the weight of fuel used. The author found by calcula- 
tion that the heat value of a fuel containing 2 per cent. by 
weight of hydrogen, as in the case of coke, charcoal or anthra- 
cite coal, if determined by the formula, would be in error; so 
the formula was modified to P=434l~F. If the fuel con- 
tains an average of 5 per cent. hydrogen, as in the case of bitu- 
minous coal, lignite and wood, the formula, according to the 
author should be P= 4502. The author believed the per- 
centage of hydrogen in the fuels named is so nearly constant 
that the formulas are probably within 13 per cent. of their abso- 
lute accuracy. 

Prof. J. H. Kinealy submitted a written discussion, in which 
he seemed to have a very poor opinion, to say the least, of the 
Berthier method. 

“Tests of Two Pumping Engines at St. Louis Water Works,” 
by Mr. J. A. Laird, was the next paper. This paper, and the 
two following it, “New Graphic Method of Constructing the 
Entropy-Temperatur: Diagram of a Gas or Oil Engine,” by 
Prof. H. T. Eddy, and “Pressure in Pipes Due to Stoppage of 
Flowing Liquid,” by Mr. George M. Peek, were not discussed. 

On Wednesday afternoon several excursions were planned. 
One party visited the works of the Hewes & Phillips Company, 
in Newark, where several Diesel motors are being constructed, 
and one of them was shown in operation. Colonel Meier con- 
ducted this party. Quite a number visited the new power house 
of the Metropolitan Street Railway Company at Ninety-sixth 
Street and East River, New York. 

On Wednesday evening a paper by Mr. A. L. Rice, on “ The 
Liquefaction of Gases,” was first read. This was followed by 
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two descriptive papers by Professor P. M. Chamberlain, entitled 
“A Curved Glass Blue Print Machine” and “A Metal Dynagraph.” 

“ The Education of Machinists, Foremen and Mechanical En- 
gineers,” by Mr. M. P. Higgins, formerly superintendent of the 
Washburn shops of the Worcester Polytechnic Institute, led to a 
discussion which lasted nearly the entire evening. It covered 
so broad a field that it is impossible to give an abstract here. 

On Thursday morning the first paper read described “An 
Experiment on Using Gasoline Gas for Boiler Heating.” Its 
author was Mr. Herman Poole. A horizontal tubular boiler 
containing 520 square feet of heating and 111 square feet of 
superheating surface was fired with gasoline gas. Thirty-five 
gallons of oil, or 227.5 pounds, were consumed in about two 
hours in evaporating 1,000 pounds of water. 

“The Friction of Steam Packings” was the subject of a paper 
by Prof. C. H. Benjamin, of Cleveland, who had made a series 
of tests of different kinds of packing used in the stuffing boxes 
of piston and valve rods. His conclusions were: That the softer 
rubber and graphite packings, which are self-adjusting and self- 
lubricating, consume less power than the harder varieties. The 
old braided-flax style gave very good results. That oiling the rod 
will reduce the friction with any packing. That there is almost 
no limit to the loss caused by the injudicious use of the monkey- 
wrench. That the power loss varies almost directly with the 
steam pressure in the harder varieties, while it is approximately 
constant with the softer kinds. 

Prof. F. C. Wagner’s paper on “ Friction Tests of Locomotive 
Slide Valves” was then read, and this was followed by a “ Note 
on Fly Wheel Design,” by Mr. A. J. Frith. This was discussed 
at the same time as a paper by Mr. James McBride, describing 
“A Broken Fly Wheel and How It Was Repaired.” The wheel 
described in Mr. McBride’s paper is one of the band- wheel type, 
26 feet in diameter, 90 inches face, and weighing about 35 tons. 
The ring was composed of 10 segments attached to the arms at 
the center, and bolted together at their ends between the arms, 
each arm carrying a segment. The ribs were four in number 
and cast on the inner face of the rim. In the middle of each 
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rim section a flat plate was cast on the inner ribs and a similar 
plate, cast on the outer end of the arm, was bolted to this plate. 
In 1889, an accident to the governor allowed the engine to race, 
and when it stopped, the ribs on the rim segments were found 
to be cracked in a number of places at their junction with the 
flat plates mentioned. 

The author believed the cracks had been caused by the strains 
in the metal due to that part of the rim between the arms being 
forced outward by centrifugal force. Careful examination of 
these cracks during the last ten years did not show that they 
were extending, but, as the rim was running out of true, it was 
determined to strengthen the wheel, and, if possible, restore it to 
its true running condition. This was done by fastening the 
segments of the rim to the hub by means of -inch steel plates, 
one bolted on each side of the flange where the segments are 
joined, connected by two iron tie rods with turnbuckles to trian- 
gular plates fitted over the heads and nuts of the bolts binding 
the arms to the hub. Triangular-shaped pieces of steel were 
punched so that they slipped neatly over the heads and nuts of 
the bolts on the hub, and fitted close to the sides next the shaft. 
These plates were fitted in pairs and held in place by a 3-inch 
bolt passing through them just outside of the hub flanges. They 
were held apart by a separator 24 inches in diameter, with the 
ends turned down to take eyes of the tie rods and plates, and were 
held by nuts on each end. The outer ends of the tie rods were 
secured to the steel plates at the rims by eyes and turned bolts. 
When the turnbuckles were adjusted the wheel was in perfect 
balance. It was assumed in proportioning the apparatus added 
to the wheel that all those parts of the rim lying between any two 
arms were entirely broken loose from the rest of the rim and its 
centrifugal force at normal speed held by the two tie rods. The 
cost of the repairs was $500. 

The papers on fly wheels led, as usual, to a long discussion. 
Mr. Charles T. Porter said that the proper way to construct a safe 
fly wheel was to use thick sections and cool them slowly after 
casting to avoid shrinkage strains. Mr. Boyer said that all acci- 
dents he had seen were due more to the foundryman than to the 
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designer. He spoke of digging putty out of a large hole in the 
arm of a pulley recently purchased. 

The next paper read described an “ Efficiency Test of a 
125-Horsepower Gas Engine.” The author was Prof. C. H. 
Robertson, of Purdue University, and an abstract of it appeared 
last week. In the discussion Mr. E. Rood pointed out that the 
engine was not operating under conditions likely to secure the 
highest efficiency. Dr. Thurston stated that the theory that the 
loss of heat due to jacketing the cylinder increased with the size 
of the engine was verified by this test, but that the loss of heat 
in the exhaust gases had been correspondingly reduced, thus 
bringing about the usual efficiency. 

“ The Strength of Steel Balls” was then discussed in a paper by 
Mr. J. F. W. Harris. It described a series of tests made at the 
Rose Polytechnic Institute on the strength of steel balls. A 
table showing the breaking strength was given. Mr. Gus. C. 
Henning pronounced the paper entirely valueless, because the 
crushing strength has nothing to do with the design of balls for 
a bearing, but that the yield point was the thing to investigate. 

The last paper of the session discussed the “Colors of Heated 
Steel at Different Temperatures.” Its authors were Messrs. 
Maunsel White and F. W. Taylor, of Bethlehem, Pa. In dis- 
cussing it Mr. William Metcalf objected to the use of the word 
red to describe the color of steel, for the reason that he believed 
heated steel was not red. The true colors were more on the 
orange and lemon order. There seemed to be a quite general 
opinion among those discussing the paper that the determination 
of the temperature of steel from its color would result in a great 
difference of opinion on account of the different sensations that a 
color produces upon the eyes of different individuals.—“ The 
Engineering Record.” 


TESTS OF A REFRIGERATING PLANT. 


An interesting series of tests of the refrigerating plant in the 
steam engineering laboratory of the University of Wisconsin was 
printed in a recent issue of “ The Wisconsin Engineer.” The 




















NOTES. 143 
tests were conducted by Messrs. Walter Alexander, William H. 
Kratsch and Wallace F. MacGregor, and their report is prefaced 
by a historical review of the development of the refrigerating 
process. Extracts from this, which will doubtless prove of in- 
terest, have been made, and an abstract of the tests follows. 

In the year 1550 Blasius Villafranca, an Italian physician and 
scientist, discovered that artificial cold was produced by dis- 
solving saltpetre in water. In 1607 Satinus Tancredus, also an 
Italian, found that very low temperatures could be obtained by 
mixing saltpetre with snow. The first ice machine of which 
there is any record was invented by Dr. Cullen in 1755. This 
machine embodied what is known as the vacuum principle, and 
was the pioneer of all those subsequently designed for cooling 
and freezing liquids by evaporating part of them in vacuo. 
Dr. Cullen found that by reducing the atmospheric pressure 
with an air pump the evaporation of water could be increased 
sufficiently to cool it enough to form ice. 

In 1777 Nairne found that by letting the air pump exhaust into 
sulphuric acid the vapor would be absorbed from it and the air 
could be used again. He was able by means of this discovery 
to construct, in 1810, an apparatus in which the freezing went 
on continuously. About this time Leslie, the later Kingsford, 
experimented with similar apparatus, but with little success. 

The first patent granted on ice machines was obtained by Val- 
lance in 1824. His apparatus consisted of shallow pans contain- 
ing water, over which a current of dry, rarefied air was circulated. 
The vapor absorbed by the air in passing over the pans was re- 
moved by sulphuric acid. The air after being dried was ready 
to take up more moisture and so the process of freezing was con- 
tinuous, 

The compression system was first used in 1834 by Jacob Per- 
kins. He used ether, which was compressed by a pump and 
cooled with water until it was condensed. It then passed to ex- 
pansion coils, where it was vaporized, absorbing heat in so doing. 
From the expansion coils it was drawn back to the pump and 
used over again. 

Perkins’ machine was only experimental, and it remained for 
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Professor Twining, of New Haven, to devise and construct the 
first machine to manufacture ice for actual consumption. After 
some years of experimenting with sulphuric ether, with a view 
to producing ice in quantities, Professor Twining took out his 
first patent in England in 1850. Three years later he was granted 
a patent in the United States, and in 1855 had a machine in 
operation at Cleveland, Ohio. He used a double-acting vacuum 
and compression pump 8} inches in diameter and 16-inch stroke. 
The cistern from which the heat of expansion was absorbed 
contained a liquid that would not freeze at ordinary tempera- 
tures. In this liquid iron molds filled with water for freezing 
were immersed. Professor Twining discovered among other 
things that ice frozen at a temperature slightly below the freezing 
point would be transparent, except the core, while if frozen at 
lower temperatures the ice cake would be opaque and porous 
throughout. The Cleveland machine was designed to produce 
2,000 pounds of ice in 24 hours, but 1,600 pounds was the 
highest amount recorded. 

In 1851 Dr. John Gorrie, of New Orleans, after years of ex- 
perimenting, obtained a patent on a refrigerating machine, using 
air as the cooling fluid. He reasoned that, as an increase in 
temperature of several hundred degrees was obtained by com- 
pressing air to four or five atmospheres, on allowing it to expand 
after it had assumed the temperature of the surrounding air a 
decrease in temperature would be in inverse ratio to the original 
increase. The air, after compression, was led through a coil in 
the cooler to a reservoir, where it was admitted to an auxiliary 
pump. This auxiliary pump was driven by the expansion of the 
air. Its cylinder had a jacket through which a circulation of 
brine was maintained. The brine was cooled by the expansion 
of the air in the pump cylinder, and in turn reduced the temper- 
ature of the ice-making tank. The air being damp after com- 
pression and imperfectly cooled, prevented the machine from 
working in a satisfactory manner. Dr. Gorrie’s experiments 
were valuable in that they demonstrated that cold could be pro- 
duced with air without the aid of chemicals. 

In 1852 Edmund Carre improved Vallance’s vacuum appara- 
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tus so that it was used to some extent in the Parisian cafés and 
restaurants for making ice and cold drinks. James Harrison, in 
1856, designed the first machine for making ice for commercial 
purposes in England. He used sulphuric ether, and his machine 
embodied the principles of that of Perkins. 

The ammonia-absorption system in use to-day was intro- 
duced by Ferdinand Carre, brother of Edmund previously 
mentioned, in 1858. In this system the ammonia is obtained 
from an aqueous solution by heating in a boiler or still until the 
ammoniacal gas is driven off, the distillation causing the pres- 
sure to rise, and the gas, together with 10 per cent. of steam, 
passing to the condenser, where it is changed to the liquid 
form. The gas from the expansion coils passes back to the 
absorption chamber, where it is taken up by the weak solution of 
ammonia. The 10 per cent. of moisture carried over from the 
still absorbs the ammonia, and as water can take up 700 times 
its volume of ammoniacal gas this loss amounts to considerable. 
Then, too, the water fills up the pipes of the condenser and 
thus lessens the refrigerating power of the machine. On the 
other hand, the absorption system has an advantage in that the 
bulk of the heat required for performing the work is applied 
direct without being transformed into mechanical power. 

In 1863 Dr. Alexander Kirk produced a cold-air machine 
embodying important improvements over that of Dr. Gorrie. 
This machine consists essentially of a compression pump, a 
hot chamber, a displacer piston and regenerator, and a cold 
chamber. The hot and cold chambers form the two ends of a 
cylinder in which the displacer piston works. The operation 
of the machine is as follows: The pump forces air into the hot 
chamber, the heat being carried away by circulating water. 
When cool the air is moved by the displacer piston into the 
end of the cylinder forming the cold chamber. The compres- 
sion piston now moves outward, expanding the air in the cold 
chamber and producing a very low temperature. The brine or 
other liquid to be cooled passes through this cold chamber. 
The machine worked up to a pressure of 200 pounds per square 
inch, and a temperature of 39 degrees Fahrenheit was obtained. 

10 
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In 1869 a cold-air machine adapted to compress air in stages 
was invented by Merchant. 

In 1870 Carl Linde obtained the first patents on compression 
machines, using ammonia as the cooling fluid. His machines 
gave very favorable results, and were used in Germany for some 
years. Gifford used cold air in his machine. In 1873 he had one 
in operation in which a spray of water mingled with the air in 
the compression cylinder, the water being vaporized by the heat 
of compression. The discharge valve from the expansion cylin- 
der was located in the piston and so adjusted that it would open 
when the pressure in the cylinder fell below a certain point, 
allowing the air to pass through to the other side of the piston, 
and afterward to the refrigerator. In the same year Postle de- 
signed a machine which was practically a modification of Kirk’s 
cold-air machine. 

The improvements introduced in cold-air machines in 1877 by" 
Bell-Coleman added very considerably to their practical value. 
This invention comprised a means for cooling the air both in and 
as it left the compressor by jets of water, and for drying it again 
- before it passed into the expansion cylinder. On leaving the 
compressor the moist air passed through a chamber with perfor- 
ated diaphragms, and was then conducted to the expansion 
cylinder through coils having a very extended surface and cooled 
to a temperature lower than that of the cooling water, thus caus- 
ing a deposition of the moisture. 

In 1878 James Harrison took out a patent on a vacuum appa- 
ratus designed to produce ice at a very low cost. He succeeded 
in making what was considered a poor quality of opaque ice at 
about one shilling per ton. In 1878 Frantz Windhausen, of 
Berlin, patented a machine on the vacuum principle for produc- 
ing ice on a large scale without the use of sulphuric acid, also an 
arrangement in which sulphuric acid was used, the acid being 
cooled by water during its absorption of the vapor and after- 
ward concentrated so that a fresh supply was not required. An 
improved form of Windhausen’s machine was constructed in 
1881 capable of producing 15 tons of ice in 24 hours. It was first 
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put up at the Aylesbury Dairy, Bayswater, London, and after- 
ward removed to Brompton. 

In 1880 Lightfoot introduced an improved cold-air machine in 
which the expansion was performed in two stages. Fhe advant- 
age of this was that the air could be made to deposit most of its 
moisture during the first expansion, and then the dried air further 
expanded to the required temperature and pressure. The com- 
pressed air is passed into a small primary expansion cylinder. In 
this it is expanded beneath the piston to a pressure that will give 
a final temperature of about 35 degrees Fahrenheit. By this 
means almost all the vapor held in suspension in the air is con- 
densed and discharged, in the form of mist, with the air into a 
separator, upon the surfaces of which it is deposited and may be 
drawn off at the bottom. From the separator the dried air, still 

_at a considerable pressure, is carried to the second expansion 
cylinder, in which it is expanded down to atmospheric pressure 
and passed out cold and practically free from moisture. 

The same year that Lightfoot started his machine Sir Alfred 
Haslam brought out a machine with some important improve- 
ments over the Bell-Coleman machine, which it resembled. 
Raoul Pictet, in 1887, obtained a patent on an improved cooler. 
In this the volatile liquid is subjected to evaporation so as to 
reduce the temperature of the brine surrounding the evaporating 
compartments. Pictet used as a refrigerating agent a combina- 
tion of carbon-dioxide and sulphur-dioxide. This fluid has a 
vapor tension much less than that of carbon-dioxide or even 
sulphur-dioxide at temperatures above 76 degrees Fahrenheit- 
It is known as Pictet’s fluid. 

De Motay and Rossi used as a refrigerating agent a mixture 
of common ether and sulphur-dioxide. It was found that at 
ordinary temperatures liquid ether has the power of taking 300 
times its own bulk of sulphur-dioxide. At a temperature of 60 
degrees Fahrenheit, the tension of the ethylo-sulphurous-dioxide, 
as it is called, is lower than that of the atmosphere. 

During the last 20 years the development of refrigerating ma- 
chinery has been very rapid. The application of refrigeration 
to steamship transportation may be said to mark an era in 
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the history of modern commerce. In 1881 the first cargo 
of frozen meat was shipped from Australia to England in the 
Strathleven, fitted with a Bell-Coleman cold-air machine. During 
the same year the Frofos, fitted with a machine copied after one 
of Lightfoot’s, and the Orzent, with a Haslam machine, arrived 
in England with cargoes of meat in good condition. 

The machine used in these tests was built by Geo. Challoner 
Sons, Oshkosh, Wis., and was installed in the spring of 1898. 
It is of the compression type, using anhydrous ammonia as the 
refrigerating fluid, and is rated by the manufacturers at five tons 
capacity when running at 160 revolutions per minute. The com- 
pressor is vertical, having three single-acting cylinders connected 
to the same crank shaft and acting at 120 degrees. Each cylin- 
der is 44 inches in diameter, with a 6-inch stroke of piston. A 
brine tank was used to furnish the heat which is absorbed by the 
expansion of the liquid ammonia, the gas from the compressor 
having been previously cooled to the liquid state by means of 
the customary condensing apparatus. The compressor was ; 
driven by a 54 by 7-inch vertical slide-valve engine. 

Eight tests of four hours each were made, and they were con- 
ducted with a view of determining the comparative efficiencies 
with pressures of ammonia varying from 140 to 220 pounds, other 
conditions being kept as nearly constant as possible. One series 
of tests was carried on with the temperature of the brine tank at 
32 degrees Fahrenheit, and another at 38 degrees, to determine 
what effect, if any, this change of temperature had on the effi- 
ciency of the machine. The temperature of the brine was kept 
constant by using steam in a coil in the tank. 

Before beginning the tests the compressor was run about two 
hours to establish normal conditions. Indicator cards on com- 
pressor and engine were taken every twenty minutes throughout 
the tests. The quality of the steam was taken with a separating 
calorimeter, readings being taken every half hour. The amount 
of heat radiated was determined for the two temperatures used 
in the test by allowing the tank to remain for twenty-four hours 
and observing the rise in temperature. This amount of heat 
was added to the amount absorbed from the steam coil. Dur- 
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ing some of the tests there was a slight change in the tempera- 
ture of the brine tank, and when this occurred a correction was 
made in the amount of heat absorbed. The amount of cooling 
water used in the condenser was weighed by means of two 
barrels and two pairs of scales. The steam used for maintain- 
ing constant temperature of the brine tank was weighed as it 
was discharged from the coil, and the cooling effect of the plant 
in British thermal units was determined by the amount of heat 
given up by this steam, corrections being made for radiation and 
change of temperature of the brine tank. This cooling effect, 
divided by the heat equivalent of the work done by the com- 
pressor plus the heat absorbed by the cooling water, determined 
the efficiency of the plant. The thermometer used for taking 
the temperature of the brine tank read to tenths of a degree 
centigrade. The density of the brine was determined by means 
of a hydrometer, and from the density the percentage of salt was 
obtained. The specific gravity at 48 degrees Fahrenheit was 
found to be 1.067, which corresponds to 8.1 per cent. solution ; 
its specific heat was taken as 0.916. 


British thermal units. 
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I | 31.56 4.32 7.94 5-38 | 67.8 | 54,870 | 263,918 | 318,766 | 202,699 | 211,168 66.4 
2 | 32.91 3.53/7-79 5-69 73-1 57,932 217,780 275,703 170,573 189,915 68.9 
3 | 32-19 4.18 8.02 5.75 | 71.7 58,533 | 231,135 | 289,872 | 200,537 | 208,626 72.4 
4 | 32.01 3.92 8.09 5.84 | 72-4 | 59,543 188,208 | 247,203 188,136) 180,640 73.1 
5 | 36.3 3.49/5.91 4.58| 77-6 | 46,624 | 201,222 | 247,846 | 167,507 173,033 70.0 
6 | 37-94 3.64| 6.51 4.62 | 70.7 | 47,032 | 205,468 | 252,500 174,560 180,106 71.3 
7 | 38-57 2.99 6.37 4-77 74-9 48,553 | 165,089 213,647 143,324 154,376 72.3 
8 | 38.3 3.73 7-98 5.81 | 72.8 | 59,146 | 198,009 257,155 179,917 185,443 72.3 


The results of the tests are shown in the accompanying table. 
The total heat units absorbed by the cooling water includes the 
amount of heat taken up by the compressor-jacket water. The 
experimenters concluded from these tests that the difference of 
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6 degrees Fahrenheit in the temperature of the brine tank in the 
two series of tests did not apparently affect the efficiency. The 
speed of the machine was variable, due to the governing of the 
steam engine, which was overloaded most of the time; this, it 
was thought, accounted for the variation in the cooling capacity 
of the plant.—“ The Engineering Record.” 





ANNEALING ARMOR PLATES. 


At the meeting of the Engineers’ Club of Philadelphia, De- 
cember 16, Mr. C. J. Dougherty, the superintendent of the 
electrical department of the Cramp shipyard, read an interesting 
paper on “The Electrical Process of Annealing Armor Plates 
in the Construction of Warships,” which was illustrated with 
slides showing the way in which battleships are armored and the 
construction and application of the apparatus for annealing the 
plates. The armor plates are known as Harveyized plates, and 
are hardened on their surface to a depth of about seven-eighths 
of an inch, the hardness being so great that they cannot be 
drilled. In order to properly mount them, they must first be 
locally annealed in the spots where they are to be drilled, and 
after futile efforts to dothis by other means, the electrical method 
was resorted to, and has proved to be so successful that it is now 
used entirely by those builders. In principle the apparatus is 
like the well-known Thomson electric welder, the ends of the 
secondary coils being held on the surface of the plate at the spot 
which is to be annealed ; the secondary current therefore passes 
through the surface of that portion of the iron and raises it to a 
red heat, which draws the temper of the hardened shell. As the 
chilling action produced by the surrounding iron is great enough 
to restore the temper if the current is stopped suddenly, the 
current is reduced very gradually, from 10 to 20 minutes being 
allowed for this gradual diminution. The apparatus consists of 
a transformer, the secondary of which is made of a very large 
copper casting closely surrounding the primary, and both are 
surrounded by iron; the secondary is slit in one spot, and the 
two ends terminate in the contact points. The transformer is 
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surrounded with oil, and the terminals are kept cool by a flow 
of water through them. The ratio of transformation is 100 to 1, 
the primary current about 100 ampéres at 300 volts, and the 
secondary about 10,000 ampéres at 2.5 to 2.8 volts. The con- 
tact surfaces are only about half a square inch, and the current 
density at those spots is, therefore, about 40,000 ampéres per 
square inch. 

The total weight of the transformer is about 1,000 pounds, 
which, when resting on the plate, is sufficient to make good 
contact. Directly under these contacts the metal remains hard 
and cannot be drilled; the space to be drilled lies midway be- 
tween the two contacts. The alternator, of which there is one 
for each transformer, is separately excited, and is driven by a 
continuous-current motor, which is connected to the continuous- 
current power mains running throughout the yard. These two 
machines together are transported to where the work is to be 
done. The annealing current is regulated by regulating the 
exciting current of the alternator, the rheostat for which is 
placed where the work is to be done; four wires are, therefore, 
required from the work to the generator. Two of these sets of 
annealers have been in use by the Cramps for some time. The 
plates for the A/abama were all annealed in this way. The Har- 
veyized plates are now being superseded by the Krupp plates, 
which are hardened to a depth of two inches instead of only 
seven-eighths inch, but, notwithstanding this great depth, the 
electric method of annealing is found to answer very well for 
these also. The fact that the generating machinery, together 
with the whole shed which protects it, was transported about 
the yards to near the work, instead of running mains from a 
stationary plant, was explained by the statement that it was less 
trouble to transport this machinery than to run the wires. With 
the present system each transformer must have its own altern- 
ator and exciter, and in this connection the question arose in 
the discussion, why choking coils are not used in the secondary 
circuit instead, which would require the running of but two 
wires, and would enable both transformers to be supplied from 
the same alternator. The reason why this apparently simpler 
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method is not used was not explained.—“ Electrical World and 
Engineer.” 





THE TALBOT STEEL PROCESS AT THE PENCOYD IRON WORKS. 


Ever since September of last year, metallurgists have been 
watching, with much interest, the operation of the Talbot con- 
tinuous basic open-hearth furnace at the Pencoyd Iron Works. 
This plant is a development of ideas which Mr. Talbot formed 
as the result of a series of experiments in desiliconizing pig iron 
at Chattanooga. The furnace at Pencoyd takes a charge of 
160,000 pounds, but the inventor believes that a furnace on the 
same general design, but half again larger, would furnish steel 
at a still lower cost. Ina recent issue of “ The Iron Age” the 
process and plant was described at some length, and from that 
valuable article the following general description has been pre- 
pared. 

The plant consists of an 80-ton open-hearth furnace of the 
Wellman tilting type, modified in some respects. It has a 30 
by 10-foot hearth. Gas is admitted through a central flue 
flanked on each side by an air port, the combustion taking place 
in the furnace proper. The flue cages are mounted on wheels, 
from which they are lifted by hydraulic cylinders to make them 
register with the ports of the furnace. When the latter is to be 
tilted the gas is cut off, the cage is lowered to the wheels and 
withdrawn from the furnace on its track. The furnace is so 
arranged that it can be tilted either way. On the charging side 
there are three doors, one of which is fitted with a spout from 
which slag may be discharged. The other doors are arranged 
so that liquid metal may be run into the furnace. On the tap- 
ping side the metal can be drawn off at a level 3 or 4 inches 
below the cinder. 

The furnace was originally supplied from a 120-inch cupola, 
discharging into a 15-ton ladle carried by an overhead electric 
traveling crane. A second cupola is being installed so that the 
melting capacity is increased to 40 tons per hour. With but 
one cupola it has been impossible to carry on the continuous 
process steadily with liquid metal. It was necessary to drop 
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the bottom of the cupola on Saturday night and spend Sunday 
and a part of Monday in repairs and relining, so that molten 
metal has not been available for the furnace until Tuesday morn- 
ing. During the interval it has been necessary to charge the 
furnace with cold stock. 

The process consists in adding to an initial bath of steel 
charges of molten pig iron or partly purified iron and charges 
of mill cinder or iron, to enrich the slag as oxidized, and with- 
drawing an aliquot part of the steel and of the slag whose 
oxidizing capacity has been exhausted. The process depends 
upon the desiliconizing, decarbonizing and dephosphorizing ac- 
tion of a highly basic, ferruginous slag upon molten impure 
metal. The reaction takes place during the passage of the 
molten metal through the liquid-enriched basic slag, and also 
through the contact of the impure metal with the supernatant 
slag, this being promoted by the fact that the incoming impure 
metal floats upon the finished purified metal constituting the 
great mass of the bath. 

The first step in the operation of the furnace is the prepara- 
tion of an initial bath, in the same manner as in ordinary prac- 
tice. This bath is usually equal to 60 to 75 per cent. of the 
capacity of the furnace. A slag covering is created by the 
addition of mill cinder, iron ore and limestone. A dam of basic 
material is built across the slag runner, the furnace is slightly 
tilted so as to be higher on the charging side, the iron runner is 
placed in position at the second charging door, and liquid metal 
is then poured into the furnace, the gas having been cut off. 
In a brief time a very active reaction takes place, accompanied 
by the discharge of a large volume of carbonic oxide gas, which 
bursts from the doors and escapes through the flues into the 
checker work, which incidentally it helps to heat. 

After the boiling has subsided some of the slag, whose capacity 
to oxidize the metalloids of the bath has become exhausted, is 
discharged from the furnace by tilting it, the slag flowing into a 
car beneath the spout. Then begins the work of again enrich- 
ing the slag to bring it back to the requisite basic condition. 
This is accomplished by the addition of iron ore, mill cinder, 
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limestone, and sometimes manganese ore to take care of the 
sulphur. These alternate charges are repeated until the capac- 
ity of the furnace has been reached. Then a part of the steel is 
tapped, the quantity depending upon the usual charges handled 
in the casting pit of the works. The steel is tapped from a point 
several inches below the slag level, so that only clean metal is 
poured out. This does away with the mess attending the tap- 
ping of a whole charge of a furnace, and minimizes the danger of 
reintroducing phosphorus into the steel from the cinder during 
the recarburizing. The recarburizing is done in the ladle in the 
usual manner. In the journal from which these notes are taken 
there is a record of a typical charge throughout the entire course 
of the operation, which will be found of much interest to those 
who desire to trace the process in detail. 

At the outset it was feared that the wear on the furnace might 
prove a serious obstacle, and that corrosion, particularly in the 
region of the slag zone, might be frequent and extensive. The 
tapping of a part of the bath and the subsequent additions of hot 
metal cause a fluctuation in the level of the bath of about 4 
inches, and this is what may be termed a critical zone. Experi- 
ence during the last five months has shown that these fears are 
unfounded. The practice is to repair the lining immediately 
after the tapping of a charge of steel, by throwing in a mixture 
of crude dolomite and 5 per cent. of resin. The presence of the 
bath of metal prevents the waste of material which takes place 
in patching the emptied ordinary open-hearth furnace by the 
rolling down of the material from the sides. Where repairs are 
most needed is at the jambs of the doors on the charging side.— 
“ The Engineering Record.” 





THE STRENGTH OF RUBBER HOSE. 


The introduction of steam heating in railway carriages has 
made it necessary to provide rubber hose connections which 
shall stand the rather severe duty of this peculiar service. In 
the case of air-brake hose the problem is confined to securing 
tightness against leakage of air under pressure, and endurance of 
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the wear and tear of operation and handling. For steam heating 
connections, however, there are effects of steam and the action of 
hot water to be considered, and experience has shown the neces- 
sity of providing strict specifications and exhaustive tests in 
order to insure satisfactory results. 

A series of tests has recently been made at the Government 
Testing Laboratory at Charlottenburg, and the results are now 
made public in a paper in the “ Mittheilungen” by Professor 
Rudeloff, and as the subject is one of international interest an 
abstract of his paper is here given. 

The requirements of the German government for steam hose 
are very strict, and are in substance as follows: 

The hose is to be made with five layers of pure linen with 
sheet rubber between, and is to be covered with linen. It 
must stand an internal pressure of 150 pounds per square inch, 
either hot or cold, without injury, and when subjected to inter- 
nal pressure of 60 pounds for four hours should not twist. The 
rubber must be free from foreign substances. A temperature of 
350 degrees Fahrenheit sustained for four hours should not 
affect the strength nor injure the hose in any way. The presence 
of hot water under pressure should not cause the linen to be 
easily separated from the rubber nor the layers of rubber from 
each other. 

Holding these requirements in mind, the tests made by Pro- 
fessor Rudeloff may be considered in brief. 

After a careful measurement and inspection of the samples 
they were subjected to an internal pressure of 150 pounds with 
water at the temperature of the air, with water at 170 degrees 
Fahrenheit, and with steam pressure. A pressure of 60 pounds 
was then maintained for three hours, and an inspection for 
defects then made, after which the sample was subjected to a 
heat of 350 degrees Fahrenheit, both with steam and with dry 
heat, and the strength of the material then examined. The 
adhesion of the linen to the rubber was also determined, both 
for the original condition and after exposure to the action of 
boiling water. 

The specimens tested were about 22 inches in length, 13 inches 
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internal diameter, with walls g-inch thick, and examination 
showed that the rubber penetrated the fibers of the linen so 
that it appeared to be of one entire mass. A number of sam- 
ples were tested, and the results are tabulated fully in the 
original paper, together with a description of the apparatus 
used. The circumference of each piece was carefully measured 
near each end and in the middle, both before testing and after- 
wards, as well as during the application of the pressure, and 
similar measurements were made of the length. 

So far as resistance to cold-water pressure is concerned, the 
specimens tested gave excellent results, the slight increase in 
diameter under 150 pounds pressure disappearing entirely when 
the pressure was relieved. The corresponding tests with water 
at 170 degrees Fahrenheit, resulted in a permanent increase in 
circumference of about } inch, but the hose appeared otherwise 
unaffected. The specimens, however, failed to resist satisfac- 
torily the test of 150 pounds steam pressure, as the circumfer- 
ence was enlarged nearly an inch and the length diminished 0.6 
inch, while the outer covering was loosened and partly destroyed. 
The twisting action which takes place consequent upon pro- 
longed internal steam pressure was shown by the fact that one 
specimen twisted 15 degrees when under steam pressure of 60 
pounds for three hours, with a permanent twist of 8 degrees, and 
another specimen showed 9 degrees twist and a permanent set 
of 2 degrees. 

The action of prolonged heat varied according to the manner 
of application. Rings cut from various portions and opened 
out, were pulled in the Rudeloff testing machine, both in the 
original condition and after heating. Exposure to steam heat 
at 350 degrees Fahrenheit for four hours made the rubber much 
softer, the extensibility under given load being increased fully 
three times and the ultimate strength diminished to less than 
one-fifth its original amount. Exposure to dry air at 350 de- 
grees Fahrenheit for four hours, on the contrary, made the 
rubber harder and diminished the extensibility very greatly, 
although the ultimate strength was reduced nearly as much as 
with the steam. 
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When the material was exposed to the action of boiling water 
for half an hour, the adhesion of the linen layers to the rubber 
was not appreciably reduced. 

In view of the importance of producing hose which shall 
satisfactorily meet the requirements of the German railways, 
these tests should prove of especial value not only to manufac- 
turers of rubber goods, but also to the engineering profession 
generally. 


METHODS OF TESTING BLOWING FANS. 


A paper which was intended to call attention to certain diffi- 
culties experienced in the testing of blowers was presented by 
Professor R. C. Carpenter, of Cornell University, at the recent 
meeting of the American Society of Heating and Ventilating 
Engineers. The object of a test of a blowing fan, as the author 
stated, is, in nearly every case, the determination of the capacity 
of the fan either to move a given volume of air or to produce a 
certain pressure, or the determination of both of these qualities, 
the determination of the power required for moving a given 
quantity of air under a certain pressure, and, finally, the determi- 
nation of the efficiency of the fan. From complete tests as out- 
lined can be determined the economic value of different forms, 
and usually the costs of moving certain quantities of air under 
given conditions. 

To meet these requirements it is necessary to make accurate 
measurements, and on this point the author stated that the most 
difficult to obtain with any degree of accuracy is the measure- 
ment of the volume of air. The volume and weight of air de- 
livered by the fan is almost invariably obtained by measuring 
the velocity of the air, and from this computing the volume and 
weight. The measurements of velocity of the air are usually 
made with the anemometer or the Pitot tube. 

The Anemometer —The anemometer was probably first used 
by Woltmann or Kallsténius as early as 1820, but the author 
stated that a form of the anemometer designed by M. Morin, as 
shown by Péclet in his work on “ Heating and Ventilation,” 
and which, it is stated, was used about 1840, shows that little 
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improvement has been made in the instrument during the last 
generation. 

The anemometer is a delicate instrument, and its continued 
use is liable to increase the friction of its working parts. For 
this reason, he said, it should be calibrated from time to time. 
The method usually prescribed for calibrating an anemometer 
is to fix it to a revolving arm of considerable length and swing 
it through still air a known number of revolutions correspond- 
ing to a certain distance of travel. The error of the instrument 
is determined by comparing the reading of the instrument with 
the distance passed through by the anemometer. 

Another method of calibration is by comparing the reading 
of the anemometer with air moving at a known velocity. The 
velocity of air moving through a duct of a given cross section 
can be computed by measuring the amount of heat required to 
warm the air through a certain number of degrees. This is 
done by a method devised by the author, using steam for heating 
the air and measuring the condensation to obtain the amount of 
heat imparted. 

The general results of tests conducted by the Prussian Mining 
Commission in 1884 show that the anemometer gives an exag- 
gerated value of the air discharged by a fan, especially when 
standardized by rotating in still air. In computing the volume 
of air delivered, the error in the result would be directly propor- 
tional to the error of the anemometer, which, as shown by the 
tests, averages not far from 10 per cent. high. The error in work 
performed and in efficiency, however, would vary as the cube of 
velocity and, consequently, as the cube of the error in the ane- 
mometer. Ifthe anemometer error be 10 per cent., the error in 
work done and in efficiency would be 33 per cent. 

The velocity of air flowing through a duct of given size may 
also be determined by the use of large measuring tanks which 
are alternately filled and discharged with air in such a manner 
as to give accurately the volume of air flowing. 

The Pitot Tube-—The Pitot tube for measuring air velocity is 
made by connecting a delicate manometer to a tube bent in such 
a manner that the opening can be made to face the current of 
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flowing air. By comparing the readings of a manometer con- 
nected in this manner with a manometer connected so that the 
mouthpiece is at right angles to the current of flowing air, a 
difference in readings will be noticed, which is caused by the 
velocity of the flowing current. The reading of the tube in ex- 
cess of the static pressure is produced by the velocity of air, and 
a series of experiments gave as a practical result for the velocity 


v=70Vh 


in which v is the velocity of the air in feet per second and 4 is 
the head, measured in inches of water, which is counterbalanced 
by the force causing the velocity. The result corresponds to 
an air temperature of 120 degrees Fahrenheit; for air at 32 
degrees the velocity obtained by the formula must be multiplied 
by the factor 0.92, and for air at 150 degrees, by the factor 1.05, 
and for temperatures of the air within the range included by 
different intervening factors. 

By connecting one side of the manometer to a Pitot tube and 
the other side to a plain tube the manometer may be made to 
show the difference of pressure due to the velocity of the air by 
a single reading and without subtraction. A form of Pitot tube 
of this class, with a delicate reading manometer, was designed 
by the author. 

In practice it will be found that quite accurate measurements 
of the velocity can be obtained for the higher manometer read- 
ings, but that a considerable percentage of error will be likely to 
result in obtaining the velocity from the low manometer read- 
ings, due principally to the difficulty of making accurate readings 
of low manometer values. ‘The Pitot tube is, consequently, well 
adapted for measuring high velocities of air, and, with a suffi- 
ciently delicate manometer, it will give good results in measur- 
ing moderately low velocities. It is not, however, as well 
adapted for low velocities as the anemometer, nor can it be used 
as conveniently. It will give the velocity at a position of limited 
area, and hence it is possible to obtain the velocity at any given 
point in the cross-section of a flue, and at some distance from the 
manometer, 
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Pressure Measurement.—The difference in pressure produced 
by a blowing fan is usually very small compared with the total 
barometric pressure, and is ordinarily measured by some deli- 
cate gage. The simplest apparatus, and the one most commonly 
used, is a U-shaped tube filled with some liquid, such as water. 
One side of this tube is put in connection with the vessel sub- 
jected to the pressure to be measured ; the other is connected 
with the atmosphere, or, as explained in the discussion on the 
Pitot tube, in such a manner that the difference of any two pres- 
sures may read directly. 

The delicacy of the instrument will depend upon the weight 
of the liquid used ; the heavier the liquid, the less delicate is the 
instrument. For the measurement of air pressures water is or- 
dinarily employed, and the results obtained are expressed directly 
in inches of water or are reduced to ounces or pounds per square 
inch. By locating the U-shaped manometer in such a position 
that the eye can sight over the under surface of the liquid in the 
tube, a very delicate reading may be determined by aid of the 
total reflection of light as seen from the meniscus at the top of 
column of liquid. An elevation considerably less than one- 
hundredth of an inchcan thus be determined with accuracy. By 
arranging a point back of the last tube and one in front, and 
noting the-position of the bottom of the meniscus, very delicate 
changes can be read. 

The Work of the Fan.—The work performed by the fan is made 
up of the resistance due to moving and compressing a definite 
amountof air. It can all be considered as equivalent to moving 
a given weight of air through a height or head which is equiva- 
lent to the sum of the velocity and pressure heads expressed in 
feet of air at the density corresponding to the air after being 
compressed. 

In testing a fan it will be found that the pressure head, as 
measured from the manometer, will be smallest, as a usual thing, 
when the velocity head, as measured from a Pitot tube, is highest, 
and vice versa. Hence, it is essential to measure these two 
quantities at the same point. 
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Efficiency.—The efficiency of a fan is to be found by dividing 
the work supplied by that usefully applied in moving the air and 
computed as explained. 

Notes Regarding Testing.—It will be found in the actual oper- 
ation of testing fans that the air delivered moves in irregular 
currents, and, consequently, in order to obtain average results, 
readings must be taken in all portions of a given cross-section. 
In order to obtain the average readings the cross-section should 
be subdivided into a number of small sections of equal area, and 
the velocity in each one of these smaller subdivisions should be 
obtained by the method described. 

In case the subdivisions are not of equal area, an allowance 
should be made in determining the average for those subdivi- 
sions which are larger by multiplying the readings by factors 
giving the relative proportion of area. As a rule the pressure 
and velocity readings of the fan should only be taken after the 
air has traveled some distance in order that the inequalities 
spoken of may be lessened as much as possible. The use of 
baffle plates to equalize the velocities and pressures is likely to 
add considerable friction head to the fan, and they are not re- 
commended. 

Many of the tests which have been recorded of fans show an 
abnormal and sometimes an impossible efficiency. This is usu- 
ally due to errors in the anemometer used. 

There are certain losses which necessarily take place in the 
fan when constructed in the most perfect form, which are due to 
the striking of the particles of air against the vanes, to adverse 
air currents at the point of discharge from the vanes, and to fric- 
tion against the casing. It is considered by some authorities 
that the unavoidable losses will reach from 25 to 33 per cent. of 
the power supplied the fan, and hence the limit of possible fan 
construction will result in an efficiency of from 66 to 75 per 
cent. The efficiency of a fan varies with the pressure against 
which it works, the highest efficiency being usually found in ex- 
periments of the author when the fan is working under a back 
pressure of approximately one ounce. Working under the con- 
dition of highest efficiency, the fan discharges the greatest 

11 
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weights of air per horsepower, but not necessarily the greatest 
volume, unless the volume be measured at asmospheric pressure. 

It will also be found that the form of the fan blades has con- 
siderable effect on the results. In experiments of the author, 
which were described in full in the “ Engineering Record” of 
March 4, 1899, with different forms of blades at a given speed, 
the highest pressures have resulted when the fan blades were 
bent forward and the highest efficiency when the fan blades 
were bent backward. 

The general results of his experiments, the author stated, 
would indicate that a fan efficiency of from 40 to 50 per cent. is 
as high as can be expected with the best construction working 
under usual conditions.—“ The Engineering Record.” 


SYSTEM OF ELECTRIC DRIVING IN SHOPS. 


The present indications are that during the next few years all 
new shops and many remodeled old ones will have some, if not 
all, of the machines driven by electric power. Long lines of 
shafting often require from 60 to 75 per cent. of the total power 
to overcome friction, and it is safe to count upon enough saving 
in power by the introduction of electric motors to furnish light 
for the same shops. The question of fuel economy, however, is 
not the most important one, because with wasteful systems the 
cost of power is usually about 2 per cent. of the cost of labor. 
The important question is to get the most out of the plant. The 
Baldwin Locomotive Works several years ago expended about 
$65,000 in electrical machines, and the cost is saved every year 
in the saving of labor. The Chicago, Milwaukee & St. Paul 
Railway installed an electric motor to operate aturn-table. The 
cost was $550, and it saves $1,600 per year in wages. 

Electric motors are accepted as offering valuable means for 
increased shop output; they are reliable, efficient and worthy of 
confidence; they are ready to respond instantly to a demand 
greatly in excess of their rated capacity, and they have the further 
advantage of accurate and easy adjustment of speed. It is not 
easy, however, to learn the best method of obtaining these ad- 














NOTES. 163 


vantages in practice. Each individual plant has its character- 
istics to be considered, and one of the limiting factors in the 
adoption of a plant of electric driving is the relative cost and 
efficiency of large and small motors. Seventy-five dollars per 
horsepower for one-horsepower motors and twenty dollars per 
horsepower for fifty-horsepower motors may be taken as an ap- 
proximately correct proportion. 

It is desirable to use as few different sizes of motors as possi- 
ble, because of the repairs. These considerations lead to the 
comparison of four systems of motor arrangement: 

1. Individual motors. 

2. The group system. 

3. Comparatively long lines of shafting, each driven by its 
motor. 

4. A combination of the individual and group systems. 

Individual Motors.—Where the tools are relatively large this 
plan reduces the losses of transmission to a minimum, and it also 
permits of any desired use of cranes and machinery for handling 
parts and finished work to and from the machines. It avoids all 
the troubles caused by belts, but the cost is high, and the motors 
will seldom be of greater capacity than 5 horsepower. The 
power of the motor must, of course, be sufficient for the greatest 
load ever put on the machine, and, for a large part of the time, 
much less power is required, which means rather inefficient op- 
eration of the motors. This plan also requires a large number of 
different sizes of motors, for which extra repair parts must be 
kept, and with small motors the repairs are much greater in 
amount than with larger ones. This system, however, uses no 
power except when the machines are running, which is not true 
of any other system. 

There is no system which permits of getting so much out of 
the machines as that of individual motors, and in some cases this 
will outweigh all other considerations. With a direct-connected 
motor it is possible to obtain more perfect speed control than 
can be had in any other way. The full capacity of the tool is 
always available at a movement of the hand, and the machine 
may be started, stopped or reversed by the attendant without 
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changing his position. Belt shifting is not difficult, but it is one 
of the little things that men will not do unless it is necessary, and 
a little hand switch to control the speed will be used when a belt 
would not be shifted. 

Most tools are limited in capacity by the system of driving 
with which they were originally fitted, and the usual range of 
speeds is very small. This is the only system which offers this 
very desirable speed and power control for each machine, and it 
counts powerfully in the output of a shop where it can be used. 

The Group System.—This plan recommends itself where the 
individual machines are not large enough for independent mo- 
tors and where improved transmission without too large a capital 
outlay is sought. Shops and factories with no large tools, and 
with large numbers of small-powered machines, must necessarily 
come under this system. It does not do away with shafting, but 
it permits of cutting the shafting into convenient lengths, and 
avoids what is probably the greatest difficulty with shafting, 
the friction of long lengths on account of their liability of getting 
out of line. The motor driving a group of machines does not 
need to have a capacity equal to the sum of the maximum pos- 
sible demands of all of the machines, because it is safe to count 
upon some of them as being idle or requiring only a small 
amount of power. The electrical installation of the Baldwin 
Locomotive Works has the proportion of 1,300 horsepower in the 
generators to 3,500 in the motors, and it seems to be sufficient, 
as the average horsepower at the switchboard is but 1,000. 

The groups may be arranged with a view of running certain 
of them overtime in order to keep up with the rest of the plant, 
and all of the machines required for certain overtime work would 
be put into that group. This system renders the selection of 
motors comparatively easy, and has the advantage of requiring 
the minimum number of different sizes; two sizes, 15 and 25- 
horsepower motors will suffice for many large shops. The 
groups may be arranged to have a surplus of power in each at 
the start in order to provide for expansion. If the load eventu- 
ally becomes too great for the smaller size, one of the larger 
ones can be substituted. 
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Motors on Long Line Shafts.—While a number of cases of this 
arrangement are in successful use, the objection to it is that there 
is little diminution in the belting, and, in fact, no advantage over 
the usual steam drive, except that the steam plant may be con- 
centrated in one place for several buildings or departments. It 
is a great advance over the distribution of steam engines all over 
a plant, but it does not bring out the best possibilities of distri- 
bution of power by electric motors. Two motors may run a 
shop or department, one being at the center of each side of the 
building and connected each way by clutches to the shafting. 
This permits of running one-quarter of the shop alone, but it 
involves running long shafting and many idle belts in order 
to reach a few machines for overtime work. The cost of the 
motors is less, but their efficiency is not sure to be higher, 
because of the lack of flexibility of the system. This plan does 
not accommodate good crane service. 

Combined Individual and Group System—By running the . 
heaviest and largest machines by direct-connected motors, stop- 
ping at those requiring less than about 5 horsepower, and group- 
ing the smaller machines to motors of from 5 horsepower up, a 
very satisfactory system may be devised. This is the one fol- 
lowed at the Baldwin Locomotive Works and in a number of 
large establishments. It is flexible enough for adaptation to 
all except extraordinary conditions. 

Determination of Power Required.—The indicator affords the 
readiest and most reliable information concerning the amount of 
power required. In applying motors to an old shop the full load 
of the shop may be ascertained at the engine by indicating, and 
the sizes of the sections or groups may be determined by cutting 
off portions of the shop successively at the shaft couplings. This 
will probably be necessary for each individual case, particularly 
where the groups involve much belting and shafting. For elec- 
tric drives in new shops there are few reliable data available to 
the reader, and the best plan is to entrust such a problem to the 
information and judgment of a reliable electric machinery con- 
cern. We expect to have more to say on the determination of 
the power required for installing motors in old shops in a future 
issue.—“ American Engineer and Railroad Journal.” 
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THE RECONSTRUCTION OF A DRY DOCK. 


About six months ago an article was printed in these pages 
(the “ Engineering Record”) describing the failure of Dry Dock 
No. 2 in the Brooklyn navy yard. This was a timber structure 
built about nine years before, and had given signs of weakness 
for some time. During the Spanish war it was impracticable 
to put it out of service for repairs, but Congress appropriated 
$300,000 for reconstruction when an opportunity offered. Ever 
since the dock was put in service it admitted water in sufficient 
volume to cause some undermining of the inclined timber sides. 
The cavities thus formed were filled whenever they were de- 
tected, but it was impossible to ram the filling as thoroughly as 
was done during the original construction. On the evening of 
July 13, 1899, there was a heavy rainfall which could not be 
carried away entirely by the sewers of the navy yard. Some of 
the water evidently entered the cavities behind the timbers and 
filled them so as to bring a heavy hydrostatic pressure against 
the sides of the dock. This forced the structure inward, break- 
ing the timber. At the abutment angle the dislocation extended 
for about fifty feet longitudinally and down to within a few feet 
of the floor of the dock. Anexamination showed that the tim- 
ber was badly decayed. The altar system in the body of the 
dock was distorted throughout nearly its entire length, the cross 
caps and piling were found to be decayed, and the complete 
reconstruction of the dock was made imperative. 

The original dimensions of the dock were 500 feet length, 130 
feet width on top and 32 feet depth. The timber altars were 
carried by inclined sills, supported on vertical piles and braced 
against rows of braced piles by long inclined struts. The type 
of construction was what is known as the Simpson dock. The 
earth at the site consists of 10 feet of loose fill at the top, under- 
laid by clay, peat, sand, silt and similar material. The ground 
water level is 10 or 12 feet below the surface and renders the 
earth a sort of mica sand when deep excavations are made in it. 
A recent excavation in the vicinity caused a large coal pile 500 
feet away to sink about 5 feet during the progress of the 


digging. 
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The reconstruction is very thorough, and when it is completed 
the dock will be practically a masonry structure, 72 feet wide on 
the bottom, 112 feet wide on the top and about 500 feet long. It 
will be noticed that the top width will be decreased and the bot- 
tom width increased. This has been accomplished by giving the 
masonry side walls a much steeper slope than those of the old 
timber dock. 

The dock was closed with the old caisson, well braced inside 
so as to form a cofferdam. Abutments for a new caisson just 
inside the old one will be built as soon as possible, and then the 
new caisson itself will be constructed and put in place. The 
new side walls have a vertical exterior face, a bottom width of 
24 feet and a top width of 4 feet. They rest on close-driven 
piles, and are formed of Portland cement concrete, mixed 1, 2 
and 5, using unscreened crushed granite. The lowest seven 
altars are faced with mortar of 1 to 1 Portland cement, while the 
remaining altars are to be of cut granite. 

The reconstruction at the sea end ofthe side walls was 
begun by removing the old slope timbers and excavating a 
trench about 14 feet deep from the surface of the ground 
around the outer faces of the new walls. In this trench tempo- 
rary pile bents were driven to carry pile-driving machines 
with which a continuous wall of heavy permanent sheet piling 
was driven. The inner face of this piling is coincident with the 
outer vertical face of the new concrete walls. The earth below 
the lower portion of the old altar system is then removed by 
pick and shovel and hoisted from the pit in iron buckets. When 
the excavation reaches the level of the bottom of the old floor, 
the pit, which is about 35 feet wide, is filled with 50-foot yellow- 
pine piles on 2-foot centers. Although these are not driven to 
refusal, they become fixed so firmly that it is impracticable to 
withdraw them with a force of 60 tons. The excavation is then 
continued to a depth of 6 feet below the floor level, the pile 
tops are cut off about 6 inches above the bottom of the con- 
crete, when it shall have been placed. 

The sheet-pile work is very close and accurate, and when one 
surface is exposed by excavation an almost vertical straight wall 
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is revealed, through which scarcely any water penetrates. The 
sheet piles are 12 by 12-inch yellow-pine timbers from 46 to 54 
feet long, planed on all sides and cut with grooves 2 inches square 
on two opposite sides. Cast-steel shoes are bolted to their 
lower ends and heavy steel bands are placed around their tops. 
The splines used in the grooves are 2 by 4-inch white-pine 
pieces, and are spiked in one groove of each pile before driving. 
The piles are greased and driven between two double rows of 
8 by 12-inch horizontal waling pieces, to which they are bolted 
every 2 feet. The upper set of wales is 12 feet below the ground, 
and the second set 7 feet lower. Each sheet pile is held tightly 
against that last driven by oak wedges forced between it and a 
cross timber bolted on top of each pair of waling pieces a little 
in advance of the pile. There is a tendency for the wedges to 
work loose, and men are stationed on each line of wales to keep 
them tight. The piles penetrate more than 20 feet below the 
dock floor. After the side walls are finished, the concrete will 
be extended so as to enclose the top of the sheeting and form a 
bed for part of the 18-foot track on which a 40-ton traveling 
crane will run. 

The excavated material is removed in 3-yard side-dump cars, 
running on tracks along the sides of the dock to a dump, which 
is a pile trestle so built that a scow 30 feet wide can be run below 
it. At present it takes about two days to load a 500-yard scow, 
which is dumped in deep water off Sandy Hook. 

The water which enters the pit is removed by the regular 
dock pumps. The old suction pipe will be replaced by a much 
larger one, 45 inches in diameter and bedded in concrete. The 
water collecting in the local depressions is forced to the main 
sump by a 6-inch centrifugal pump mounted on the same bed 
as a dynamo, the runner of the pump and the armature of the 
dynamo being on the same shaft. This arrangement has been 
found very convenient. Steam syphons have also been occa- 
sionally used for the same purpose. 

The materials for the concrete are measured on a platform 
on top of the bank. They are then shoveled into the top of a 
gravity mixer, which discharges them into the mold where 
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they are to be rammed. The concrete is placed in g-inch lay- 
ers in heavy timber forms, and is carefully joined to the old 
concrete bottom, which is the only part of the timber dock to 
be left undisturbed. The mixer is moved along as the wall is 
advanced. The work is carried on in sections of full width, 
40 to 50 feet in length, and a considerable length of footing is 
laid before any part of the wall is completed to the full height. 
About 20 men in all are required on the concrete work, with 
each gravity mixer, on one wall, and as much as 70 yards of 
material have been placed by one of these gangs in a day of 
eight hours. Particular care is taken not to tear out the old 
work faster than the new can be built. 

The total quantities involved in the reconstruction are 45,000 
yards of earth excavation, 28,000 yards of concrete and 1,000 M. 
feet of timber. About 150 men are now employed, and the plant 
includes two 40-ton locomotive derricks, five 3,000-pound pile 
drivers, two locomotives, two stiff-legged boom derricks, and 
minor accessories. The work is being done under the general 
supervision of Admiral M. T. Endicott, Chief of the Bureau of 
Yards and Docks, Captain P. C. Asserson, of the same bureau, 
being in direct charge. The work is done by day labor on 
account of its difficulty and the impossibility of specifying all the 
conditions which a contractor would have to meet. 





CALCULATING MACHINES. 


Calculating machines have been in use for so long, and are used 
at the present time by so many people, that it would be natural 
to suppose that everybody would have some sort of acquaintance 
with them and some idea of the principles on which they work. 
Personal experience, however, shows that a calculating machine 
is nearly always regarded as a novelty, and usually as some- 
thing exceptionally wonderful. When people see an oblong 
box containing sundry cogwheels, handles and brass plates, 
they look at it with curiosity and inquire what it is, and when 
the instrument is explained to them an admirable opportunity is 
afforded of testing the veracity of the observer. If he, and stilb 
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more conspicuously, if she, professes to understand it, it may be 
doubted whether the familiar assertion associated with George 
Washington is applicable. If it is pronounced very wonderful, 
but quite incomprehensible, the visitor is probably telling the 
truth, and yet practically all calculating machines are really 
very simple. With the ancient abacus, which consists of balls 
sliding upon parallel rods, most people are familiar, and the 
Chinese shwan-pan, which is but a variation of the abacus, is 
well known to many travelers, who are invariably struck by the 
facility with which calculations are made by its aid. 

The first recorded attempt at an arithmetical instrument in 
Great Britain was made by Napier, the inventor of logarithms, 
early in the seventeenth century. It consisted simply of a mova- 
ble multiplication table, somewhat flippantly called ‘ Napier’s 
bones,’ in spite of the fact that the inventor christened his system 
rhabdology. There is much that is good about these ‘ bones,’ 
but as a calculating instrument it will not compare for a moment 
with logarithms, for which we are largely indebted to Napier. 

The first real calculating machine was invented by the 
philosopher Paschal, about 1650. Hewasthen a lad of nineteen, 
helping his father in work which required much calculation, 
and he contrived a series of wheels connected with one another, 
with the ten numbers 9 to 0 engraved on each. Addition and 
subtration were performed by turning the appropriate wheels by 
hand, the carrying over being mechanically provided for. The 
machine was of very little use. 

About twenty years later Leibnitz, the mathematician, in- 
vented a machine which is believed to have been of an extremely 
complicated nature, but no clear description of it is to be 
found. An interesting ‘calculating table’ was contrived by Dr. 
Saunderson, a Cambridge professor of mathematics, who was en- 
tirely blind, and designed the instrument for his own use. It 
seems to have been a board about a foot square, divided into 
many little squares, and perforated with small holes, in which 
pins could be stuck indicating various numbers. it is said that 
‘he could place and displace his pins with incredible nimble- 
ness and facility, much to the pleasure and surprise of all the 
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beholders. He could even break off in the middle of a calcu- 
lation and resume it when he pleased, and could presently know 
the condition of it by only drawing his fingers gently over the 
table.’ 

Whenever calculating machines are mentioned people inva- 
riably think of Charles Babbage, who undoubtedly designed by 
far the most complete machine that has ever been invented. To 
describe it in full, and tell the story of its manufacture, so far as 
it went, would take several volumes, since even a large quarto 
volume, devoted entirely to the subject, leaves out a great deal 
about it that it would be interesting to know. Babbage’s 
machine was designed to calculate elaborate tables and auto- 
matically set them up in type, or else supply a mold in which 
stereotyped plates of the tables could be cast. After many 
experiments, he constructed his first difference engine, as he 
called it, for the reason that he employed the method of differ- 
ences as a general principle on which to base the calculations. 
As soon as the first machine was completed, Babbage received 
instructions from the British Government to construct another 
and more comprehensive one at their expense. Six years after 
this order was given the Treasury appointed a very strong 
committee to examine and report upon the portion of the ma- 
chinery then executed and the design for the whole engine. 
The result was a very strong expression of opinion in favor of 
the machine, but the expense was enormous. The Government 
finally declined further supplies, and in 1833 the construction of 
the engine was relinquished. The second difference engine 
was a huge instrument of marvelous power, and an illustration 
that Babbage himself uses as a kind of illustration of a miracle 
shows one feature of its performances in an interesting way. 
He said that his machine would go on for years working by 
the same formula. It could then change without human in- 
tervention to another formula for a single calculation, and 
subsequently resume working by the original formula. 

But, great as were the powers of this second difference en- 
gine, Babbage had conceived an even more elaborate machine, 
which he called the analytical engine, which would completely 
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supersede the difference engine, on which, in its incompleted 
state, the Government had already spent £17,000. It is not 
wonderful that the Chancellor of the Exchequer declined to 
supply any more funds under these circumstances. 

Two practically useful machines were, however, constructed 
on Babbage’s principles, one of which, made by Scheutz, a 
Swede, was completed at a total expense of £560, which was 
provided by the diet of Stockholm. This machine was about 
the size of a small square piano, and would calculate and stereo- 
type without chance of error two and a half pages of figures in 
the same time that a skillful compositor would take to merely 
set up the type for a single page. The machine was purchased 
for £1,000 and presented to the Dudley Observatory at Albany, 
N. Y. A second Scheutz machine was made for the English 
Government for £1,200, and was used for, among other work, 
portions of the English Life Table No. 3. The machine consists 
of over 4,000 pieces, and weighs about half a ton. 

Since Babbage’s day many small calculating machines of 
various kinds have been invented, and when the present writer 
searched the records of the Patent Office to see if an invention 
of his own had been anticipated, he was surprised to find that an 
enormous number of patents for such instruments had been taken 
out. The specifications proved very interesting reading, and 
exhibited for the most part a remarkable amount of ingenuity, 
which, sad to relate, must have involved the inventors in a very 
large expenditure, from which they received no return; but this 
is the ordinary fate inventors meet with. 

There are practically only five of these machines that are 
worth mentioning. One of these, invented during the past few 
years, is Burroughes’ registering accountant, which performs 
addition by striking keys like those of a typewriter, and at the 
same time types on a strip of paper, the amounts that have been 
added. This machine seems to be mechanically successful, but, 
so far as the writer is aware, it is not now commercially obtain- 
able. It is somewhat heavy and cumbersome, requiring ten keys 
for every column in a row that it is desired to add. An obvious 
improvement would be to put the calculating mechanism on a 
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carriage like that of a typewriter, and use ten keys in all, instead 
of the seventy or eighty keys that in its present form the ma- 
chine requires. 

Another moderately practical machine is an American in- 
vention called the comptometer. This also is actuated by keys 
like those of a typewriter, and by means of it it is simple to add, 
feasible to subtract, and within the bounds of possibility to mul- 
tiply or divide; for the latter purposes itis altogether inferior to 
Tate’s arithmometer. A machine that has much that is pleasing 
about its designs is the Brunsviga, but its workmanship is not 
sufficiently good to stand much wear and tear. The writer ob- 
tained one about five years ago and has long since worn it out. 

The only really satisfactory machine for multiplication and 
division was invented by Thomas de Colmar about 1850. This 
was subsequently improved in design and workmanship, with- 
out being altered in principle, by an Englishman named Tate, 
and years of hard work at one of these machines has led to the 
keenest appreciation of its powers. It never makes a mistake, it 
practically never gets out of order, it performs multiplication and 
subtraction with ridiculous ease, it makes the abstraction of the 
square root quite a fascinating operation, and for many purposes 
can be used by an unskilled operator with entire confidence that 
the calculations will be correctly performed. The arithmometer 
is largely used by life assurance companies, and anyone whose 
work consists to any great extent of calculations can scarcely be 
too thankful that it was invented. It is contained in a box 
about 2 feet long and 6 inches high, and is the machine referred 
to at the beginning of this article-—“ Pall Mall Gazette.” 

In commenting on the above the “American Machinist” says 
that it is probably not generally known that Geo. B. Grant, of 
gear-wheel fame, invented a calculating machine of great ingen- 
uity, and having many excellent features, especially as a multi- 
plier. This operation it performs with great facility and absolute 
accuracy. It also adds, subtracts and divides. In this machine 
there are a number of small gear wheels with numbers on them 
which are revolved by movable racks, each rack being set by 
means of pins to figures indicating the amounts to be handled. 
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After that a revolution of a crank adds the amount, or continued 
turning of it multiplies the amount, and the device for “carry- 
ing” from one wheel to another is particularly ingenious. 





STRENGTH OF STEEL BALLS. 


Reliable data of the actual breaking strength of steel balls 
not being obtainable, a number of tests were made at the Rose 
Polytechnic Institute preliminary to the design of some ball 
bearings for experimental purposes, and the following is an ab- 
stract of these tests, from a paper by J. F. W. Harris, read at the 
last meeting of the American Society of Mechanical Engineers. 

The balls were obtained in every case directly from the manu- 
facturers, who are designated in the tests by the letters A to F. 

The first experiments in crushing were made with the ball 
between two flat plates of a high-grade tool steel, which had 
been hardened in brine. These proved unsatisfactory, the ball 
imbedding itself to a considerable depth. After trying several 
high-grade steel plates of different brands with no better success, 
a method was adopted, in which the hardness of the balls them- 
selves was used to obtain a mutually unyielding surface. This 
apparatus consisted of a short steel cylinder bored axially to 
two diameters, the shoulder formed by the junction of the two 
different bores being made perfectly flat, and located nearly 
midway of the height of the cylinder. Resting upon this 
shoulder is a thin steel plate, having a hole bored concentric 
with the cylinder, with a diameter +}, inch larger than that of 
the ball being tested. This plate serves as a guide for the cen- 
tral ball, retaining it in the axial line. Fitting snugly into the 
bottom of the cylinder is a hardened steel plug, having a conical 
recess in the center of its upper surface to retain the bottom 
ball. In the upper end of the cylinder is a similar plug, fitting 
loosely, to allow its vertical movement under pressure without 
friction. After adjusting a ball on the bottom plug, the test 
ball in the hole in the central plate, and another ball on top of 
that fitting in recess of the top plunger plug, this apparatus was 
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placed between the heads of a 100,000-pound Riehle testing 
machine. 

While making these tests of ball on ball the search was 
continued for a steel which would harden sufficiently to be 
used as ball races without injurious grooving under ordinary 
pressures. Several grades of various brands of tool steel, hard- 
ened in brine, were tried, their comparative hardness being 
ascertained by measuring the depression made by a }-inch ball 
under a load of 4,000 pounds. These tests resulted in the selec- 
tion of a steel known to the trade as crucible tool or file steel, 
and a special steel made by the Carpenter Steel Company, used 
by them in the manufacture of projectiles. All balls up to and 
including 4 inch in diameter were tested between two plates of 
Carpenter Steel of +? inch diameter and 1 inch in length. The 
indentations made were almost imperceptible, and were removed 
by grinding after each series of tests. The larger balls were 
tested between plates of crucible tool steel 2 inches square and 
% inch thick, on which but slight indentations were produced. 

The results obtained by both methods of testing are shown in 
the accompanying table of “ Breaking Loads,” in which the 
various tests are arranged in order of magnitude for better com- 
parisons, the numbers in the second column not having reference 
to order of test. The wide variations as shown therein arise 
principally from the difference in temper, which varied from 
brittle hard to that which could be filed with a Stubs smooth 
file. The softest balls required the greatest pressure, and flat- 
tened until they finally split. The larger number of medium 
temper split in two pieces, the hardest broke up into a number 
of pieces. 

In testing ball on ball, the center ball was broken in about 80 
per cent. of the cases, the break occurring by the formation and 
forcing of a nearly conical wedge into the ball, the base of the 
cone being approximately circular. The angle of this wedge 
was about 60 degrees. When crushing between flat plates this 
wedge was formed in but very few cases, the balls generally 
breaking up into a number of pieces, the angle of the wedge in 
this case being about 75 degrees. Of the defects found in the 
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balls other than those of temper, there are four cases of hollow 


center. 
BREAKING LOADs. 


Diameter of ball. | Ball on ball. 





E. 

inch, average | : 1,210 | 1,046 
inch, average | 2,526 | 1,330 | 2,440 
inch, average 4,196 | 3,313 | 4,656 | 
i PE, SN cicccnccvenceconsoces! 5,600 | 5,683 | 7,635 | 
inch, average 8,703 | 11,200 | 6,933 | 
inch, average 6 
inch, average 

inch, average 


) 


wt Coker cies lon apts ones 


Between flat plates. 


. B.. | c.. | Ba E,. 
inch, average 1,850 | 2,100 | 1,313 | 1,483 
8. inch, average ; 3837 | 2,966 | 2,225 | 4,400 | 3,887 
inch, average 5,566 | 6,033 | 6,337 | 7,150 
5. inch, average 10,833 | 7,733 | 9,275 | 10,200 
} inch, average 10,583 | 10,500 12,800 | 13,337 
inch, average 20,883 | 14,833 12,966 
inch, average 
inch, average 


Some experiments to determine the effect of the difference of 
area in contact on the breaking strength are being made, a few 
of which are given in the following table: 


BREAKING LOADs, 


B,, upper ball, ,5,-inch.. 
B,, center ball, §-inch.. 
B,, lower ball, ,5,-inch, 


B,, upper ball, }-inch,.. 
B,, center ball, ¥-inch... 
B,, lower ball, }-inch... 


—‘ The Iron Age.” 


SCARCITY OF SAILORS. 


At the beginning of 1899 the total number of men in the 
service of the German navy was 23,400, including the officers 
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-and engineers and a few surgeons, gunsmiths and paymasters. 
From Berlin it is reported that with the rapid growth and pro- 
posed further increase of the German navy there has been an 
increasing scarcity of trained young sailors. A few years ago 
Germany furnished a large part of the crews of English vessels, 
but to-day the crews of Germany’s vessels are partly composed 
of foreigners. “With the doubling of the German navy, as con- 
templated, this difficulty will increase, and steps are being taken 
to meet it. At Bremen the North German Lloyd Company is 
organizing a cadet school to train young men for the company’s 
service. The demand for additional sailors in Germany is not 
limited to the government service, however, for the two chief 
German lines of ocean steamships have, collectively, crews of 
4,800 sailors, exclusive of the lines connecting German ports 
with other countries in the enormous and constantly increasing 
German shipping trade. Heretofore a country supplying many 
other countries with sailors has been Sweden, but the decrease 
of foreign commerce of that country and the demand for Swedish 
sailors for Russian ships has diminished the number of such 
sailors available. Moreover, Germany is only one of the coun- 
tries in which there has recently been an extensive development 
of the naval armament and an enlarged demand in consequence 
for sailors. 

At the beginning of the year 1898 the total number of men in 
the naval service of Great Britain was 100,000, of whom 70,000 
were Officially described as “officers and seamen” and 20,000 
were “marines.” Since then a further increase of transport 
service of the English Government to South Africa has made ne- 
cessary the increase in the number of sailors. There has been a 
very considerable increase of sailors in consequence of the en- 
largement and improvement of the United States navy, and the 
demand for them in the merchant marine of the country has 
been increasing correspondingly. The American Line employs 
2,500 sailors, and the enlargement of ocean travel this next sum- 
mer to and from the Paris Exposition will make further demands 
upon the service of sailors in all transatlantic lines. Two Euro- 
pean countries which are adding considerable to their naval 
12 
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equipment are France and Russia, and the increased Dutch 
commerce makes necessary the employment of a considerable 
number of Dutch seamen under the home flag. Dutch sailors 
have an excellent repute and number in all more than 40,000, 
of whom less than 10,000 are in the naval service of the country. 

There are, it is computed, a quarter of a million sailors con- 
nected with the navies of the various countries and 750,000 
sailors employed in commercial navigation. England, the United 
States and Sweden ranking in this order in that regard. Ger- 
many, France, Italy and Holland are large commercial nations, 
too, and it has been observed generally that German sailors come 
from the northern provinces of the country, particularly the 
Baltic and the North Sea, while French sailors almost uniformly 
are drawn from the two provinces of Brittany and Normandy. 
The threatened dearth of available sailors, which some German 
companies are seeking to provide against by the establishment 
of a cadet school, affects other countries as well, and unless all 
indications are at fault the demand for sailors next summer will 


be more extensive than ever before in the world’s history.— 
“American Shipbuilder.” 


INCIDENTAL USES OF SERIES FIELD WINDINGS OF COMPOUND DYNAMOS. 


Mr. Wm. A. Anthony, in questioning an editorial in the 
“Electrical World and Engineer,” of November 25th, upon 
“Incidental Uses of Series Field Windings of Compound Dyna- 
mos,” writes as follows: “ The statement is made that ‘the series 
field of the fresh machine should, of course, be thrown in paral- 
lel with the other series fields * * * before the voltage of 
the fresh machine is adjusted to equality with the others.’ Let 
us see. 

“Assume two equal machines, A and B, A running on full 
load and B to be coupled with it. The series field are placed in 
parallel. This takes half the current from the series field of A, 
and reduces by half the effect of A’s series field to maintain its 
e. m. f.; consequently its e. m. f, and the voltage on the whole 
system, drops by ten volts or more, constituting of itself a rather 
serious disturbance of the regulation. Now, if I understand cor- 
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rectly, the voltage of B is adjusted to equality with that of the 
system, with a half-load current in its series field, but its arma- 
ture producing no current. Under such a condition how can B 
assume any part of the load? It can only assume its share 
through an adjustment of its shunt field, whiclr raises its voltage 
and that of the whole system to its original value. 

“ How will it be if thee. m. f. of B is adjusted before its series 
field is paralleled with A’s ? B's voltage is made equal to that 
on the system. Then its circuit and equalizing switches are 
thrown in together. The current quickly divides between the 
two series fields; the magnetism of J4’s field increases and that 
of A’s field decreases, causing A’s armature to give up and B's 
armature to assume half the current, and this without any change 
in the voltage at the bus bars. Ifthe machines are evenly com- 
pounded, which all machines to be used in multiple should be, 
no further adjustment should be needed. 

“If the machines are over-compounded, say five volts, and B is 
adjusted to equality with the system, while its equalizer switch 
is open, the effect of closing the circuit and equalizer switches 
at the same time will be that the e. m. f. of B rises about two 
and a half volts, while that of A falls by the same amount. 
This does not materially alter the voltage of the system. Its 
only effect is to cause B to take more than its share of the load. 
The loads may then be equalized by an adjustment of both field 
rheostats without changing the voltage on the system. 

“All this is in accord with my experience in coupling com- 
pound-wound dynamos for the last ten years. 

“The statement is made that when the fresh machine is ad- 
justed after its series field is parallel with the others, there is 
no jump in its voltage on coupling it to the circuit. Very true, 
but I have never found any jump in voltage when the e. m. f. of 
the fresh machine is adjusted with its equalizer switch open. 
There may be a jump in the e. m. f. of the fresh machine, but 
that jump is just what is necessary to enable it to maintain a 
constant voltage at its terminals when its armature assumes its 
share of the current.” 

To this the editor replies: Professor Wm. A. Anthony takes 
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the stand that the throwing of an unloaded compound-wound 
machine in parallel with another under load does not alter the 
voltage of the latter. The argument is, of course, true for ma- 
chines compounded for constant potential, but is not true for 
machines which are overcompounded. With a machine wound, 
let us say, for a rise of voltage of 10 per cent. at full load, throw- 
ing off half its load of course reduces the voltage about 5 per 
cent. Mr. Anthony’s letter isan argument for the paralleling of 
machines in the old way by means of one triple-pole switch as 
against the more modern method of paralleling by means of one 
double-pole switch in the equalizer and positive leads, followed 
by the closing of a single-pole switch in the negative lead. 

The difficulty involved in paralleling highly overcompounded 
machines of modern type with close speed regulation, slow arma- 
ture reaction, stiff fields and small internal resistances, may be 
illustrated by the following supposititious case: Assume a rail- 
way power plant with one such machine wound for a Io per cent. 
rise of voltage at full load, carrying its full rated load of, let us 
say, 1,000 ampéres, and delivering 550 volts. As the load rises it 
becomes necessary to throw in another machine in parallel with 
it. Ifthis operation is carried out on the plan indicated by Mr. 
Anthony, the fresh machine would be excited by its shunt field 
up to 550 volts. On closing the triple-pole main switch of the 
fresh machine, its series field will be thrown in parallel with that 
of the machine already loaded, and will begin to take ver some 
of the current. Assuming that the series fields of the two ma- 
chines have the same resistance and the equalizer and positive 
mains are of sufficiently low resistance to place them in a per- 
fect parallel connection with each other, the voltage of the fresh 
machine will rise to about 575 volts, and the voltage of the other 
machine will fall to about 525. This is neglecting the bend 
of the magnetization curve, which will reduce this difference 
slightly. The result will be a complete transfer of the load from 
one machine to the other, which, however, as a rule, is gradual 
owing to the slow transference of the current from one series field 
to the other, and in turn due to the high ratio of self-induction of 
the resistances of these circuits. On account or this slow trans- 
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ference the attendant can, as.a rule, check it by manipulating 
the shunt field rheostats, but in case of faulty equalizers, poorly 
adjusted governors, or other troubles, the manipulation of the 
machines proves very difficult. 

If the attempt is made to adjust the voltage of the machine to 
a lower value than that of the busbars before throwing it in, the 
fresh machine when thrown in by means of the triple-pole switch, 
acts heavily as a motor until its series field gets part of the out- 
going current. If there is any fault in the equalizer, this motor 
current will back up through the series coils of the fresh ma- 
chine, and still further weaken its field and cause disastrous 
consequences. In case the series field of the fresh machine is 
thrown in before its armature circuit is closed, the voltage of 
the other machine will fall off materially unless its field rheostat 
is given a twist to build up the shunt field as the series field 
builds down, which may readily be done owing to the slow 
transference mentioned above. The voltage of the two ma- 
chines may then be adjusted to equality and the negative switch 
of the fresh machine closed without the transference of a single 
ampére. The load may then be changed off from one machine 
to the other by manipulating the two field rheostats. 


THE NET COST OF WARSHIPS IN ENGLAND AND FRANCE. 


In a note of the French Navy Department it is stated that the 
relative cost of construction of warships in France and England 
have changed very much in the last few years, and that unfavor- 
ably as regards France. The following table gives information 
as to the cost of some French and English ironclads : 


Price per 


Displace- 


ment. ton. 


Name. Price. 


1887-1890 | 7rafalgar, English................06+ 11,940 | $3,715,320 $310 
“ Camperdown, English 10,606 39394,070 320 

¥ Formidable, French 3,286,153 276 

« Floche, French 3,463,072 330 
1891-1893 | Centurion, English ; 2,605,300 | 248 
“ Repulse, English 35779,560 267 
Empress of India, English 3,339,020 | 271 

Brennus, French 4,263,400 388 

Charles Martel, French 4,811,600 | 407 








182 NOTES. 


It is seen that the net cost of the ironclads was originally 
about equal, but that they have changed nearly 30 per cent. to 
the disadvantage of France. 

For cruisers the proportions are similar, or even worse for 
France, as is shown in— 


Displace- 
ment. 





: Price 
Name. Price. 


I Rin isicadenntrcicoccascces 9,000 | $1,969,440 
Bonaventure, English 4,360 | 1,028,840 236 
Cecille, French 5,060 1,468,000 259 
Alger, French 45330 1,424,652 329 
1892-1896 | Gibraltar, English 7,700 1,496,880 194 
? D Entrecasteaux, French 8,100 2,854,480 352 














These notable differences in cost are, according to the writer, 
not due only perhaps to a more careful execution of the work 
on the ships in France, but there are other reasons, of which 
some are named as follows: 

1. The English ships are built more frequently after one 
type; ten ironclads of the years 1886 to 1891 are built accord- 
ing to five types; eight new ironclads are entirely alike. 

2. They have been launched quickly one after the other. 

3. The construction is directed from one central Bureau in 
London. 

4. Economy in materials is obtained by the fact that boilers, 
engines and auxiliaries, etc., are built by firms specially equipped 
for such work. 

5. The prices of materials in England have fallen while those 
of France have risen, as shown in 





Name. Total price of materials. | Price per ton. 


1885-1897 | Z7rafalgar, English $2,316,680 $194 
- Camperdown, English 1,771,570 167 
“ Formidable, French 1,868,855 147 
« Hoche, French 1,948,342 185 
1891-1893 | Centurion, English 1,245,220 118 
“ Repulse, English 2,261,080 159 
« Brennus, French 2,739,600 249 
« Charles Martel, French......... 3,260,000 274 








Therefore, the prices of materials in France are twice as much 
as those in England (1895) outside of the armor plates, which 
are about equal in price. : 
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6. The price of the auxiliaries of the ship (steam pumps, steam 
steering machinery, turret-turning engines, anchor-hoist engines, 
hoisting machinery, ammunition hoists, dynamo engines, etc.) is 
equally increased. But all these machines are very much more 
expensive in France than in England. 

7. The cost of labor in the total for the ships is nearly equal, 
but since the French workman receives $0.65 per day and the 
English workman $1.15 per day, it proves that the French 
ships consumed much longer time in their construction, or, 
differently expressed, that the French workman produces very 
much less than the Englishman. 

8. The division of labor in English yards is very much better 
systematized than in France. 

g. The English shipyards are arranged very much more prac- 
tically, and are better equipped than the French yards, as has 
been stated by the Naval Constructor of the Government yard 
in Toulon. 

Starting from this note Commander Vignot investigates the 
cost of some ships in regard to the proportion between the cost 
of material and the cost of labor. The data are arranged in the 


following table: 
IRONCLADS. 


Cost of materials. | 
Name. | ——- _— —|Cost of Labor. 
| Armor included. | Armor excluded. | 





Magnificent, English 

Hannibal, English 

‘Ocean, English 

Brennus, French $2,739,600 $994,600 $899,600 
Bouvet, French | 1,039,600 


$320.00 | $110.00 $110.00 
per ton. per ton. per ton. 





The armor costs, in England as in France, on an average 


450 dollars per ton. 
CRUISERS. 


Cost of materials.| Cost of labor. 


fascal, French 

pO SE One eer ae Pome 
Bugeaud, French 

Galilee, French 
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Therefore, the cost of the materials and of labor are in France 
twice as high as in England. On account of these facts, Com- 
mander Vignot denounces severely the French Navy Depart- 
ment on account of the faulty organization and employment of 
labor in shipyards, to which alone he attributes the high cost. 
He further attacks the usual compilation of the budget, and 
asserts that this is done only to mislead Parliament and not to 
inform it, as should be done.—“ La Marine Francaise.’’ 


PACIFIC CABLE DATA. 


Official reports received by Rear Admiral Bradford, Chief of 
the Bureau of Equipment, from Lieutenant Commander H. M. 
Hodges, commander of the Vero, announce the feasibility of a 
cable route across the Pacific, connecting San Francisco, Hono- 
lulu, Midway Islands, Guam, Luzonand Yokohama. The Nero 
surveyed between Guam and Luzon, and then ran back to Guam, 
pursuing a zigzag course, in order to sound along the route 
selected, with a view to obtaining the best possible location for 
the cable. Then she ran a straight course to Yokohama. She 
returned zigzagging to Guam, and will zigzag across the line to 
the Midway Islands and to Honolulu, when her work will be 
completed. 

The Nero has found a depth of less than three thousand 
fathoms between Yokohama and Guam and Luzon and Guam. 
Three thousand fathoms is the extreme depth the authorities 
were willing to lay the cable. 

The cable between Honolulu and Dongola Bay, which is the 
Luzon terminus of the cable line, will be 4,812 knots long. 
Only two offsets from the projected great circle route between 
the Midway Islands and Guam were found necessary to avoid 
obstacles to successful laying and operation of the cable. The 
first was a submarine mountain a short distance west of the 
Midway Islands, and the second an abyss more than forty-nine 
hundred fathoms deep, found about five hundred miles east of 
Guam. 
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Discussing Capt. G. O. Squier’s recent Institute paper, Vice- 
President Ward, of the Commercial Cable Company, said re- 
cently: “ He does not allow for a duplicate cable as a part of the 
government system, and yet no cable system can possibly be 
successful without a second line. Therefore, the ‘reserve fund 
and interest on capital, $400,000,’ and ‘200 miles of additional 
cable, $200,000 annually,’ as laid down by Captain Squier, must 
be doubted. The cost per annum will then be: 


Total cost of operation of one cable, including maintenance of repair ships, 
spare cable and reserve fund and interest on capital, as per Captain 


Reserve fund and interest on capital ($12,000,000) second cable.............. 
Two hundred miles additional cable required annually at $1,000 per mile,, 


$1,525,000 

“This sum is exclusive of extra operating expenses for the 

second cable, and I doubt if the additional two hundred miles 

of cable required annually will cost much less than $1,500 a 
mile.” —“ Electrical World and Engineer.” 


THE UTILIZATION OF GARBAGE FOR FUEL. 


The recent merger of the leading gas and electric-light com- 
panies in New York has led to a discussion in the columns of 
the “ New York Times” which is of so much general interest 
that the contributions of Messrs. George Westinghouse, Robert 
H. Thurston and Cary T. Hutchinson are here reprinted: 


George Westinghouse.—The bringing together of the gas 
and electric-light and power interests in New York should result 
in great advantages to the public and to the interests so com- 
bined, provided the latest developments in gas and electric en- 
gineering are investigated and availed of. Among the numer- 
ous questions affecting the health, comfort and convenience of 
the citizens of New York (and of all communities, in fact), are 
three of especial importance, viz: 

The disposal of garbage, the abatement of the smoke nuisance, 
due to the increasing use of bituminous coal for steam-power 
purposes, and the securing of an adequate supply of water. 
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From statistics there appear to be created daily in New York 
about 500 tons of garbage, or at the rate of one-half pound per 
capita. Such garbage is about 20 per cent. carbon and 80 per 
cent. water. By a process which has been well demonstrated 
on a small scale, and which is being rapidly brought to a com- 
mercial basis, all of this garbage can be economically, and with- 
out offensive odor, converted into a fuel gas of great value. In 
the same apparatus, and by the same process, soft coal can be 
made into a gas suitable for power and heating purposes. 

The fuel gas made from garbage and soft coal can be used to 
drive gas engines with electric generators, and the electricity 
thus produced can be used for light and to drive motors to the 
exclusion of the thousands of steam engines and boilers which 
make such demands upon the water supply, since the gas-engine 
central stations can be so located that the water needed for en- 
gine-cooling purposes can be taken from the river. 

Bearing upon these questions, and of especial importance, are 
the partially-executed plans of the electric-power and light cor- 
porations, viz: the Metropolitan, Third Avenue and Manhattan 
Elevated Railways and the New York Gas and Electric Light, 
Heat and Power Company and the United Electric Light and 
Power Company. If their present plans, which are fairly well 
known to the engineering profession, are carried to completion, 
each will have one large steam station on the East River, between 
Twenty-ninth Street and the Harlem River, with about 75,000 
horsepower of engines, boilers and electric machinery, making 
an aggregate of 375,000 horsepower, and which may be largely 
increased when the underground rapid-transit railway is com- 
pleted, and still further when the electric locomotive is used on 
all steam railways within the city limits. 

If these corporations, which might as well buy electricity as 
the machinery, coal and water with which to produce it, were 
to unite in a common plan to provide the electricity needed in 
their operations by the adoption of the best available methods, 
the saving to each in capital expenditure would be very great, 
and the decreased cost of their supply of electricity would make 
an important addition to their earnings applicable to the pay- 
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ment of dividends, while, most important of all, the citizens of 
New York would have solved for them the garbage, smoke and, 
very largely, the water questions. 

I believe the contemplated plans of the corporations above 
named, which can be shown to be based upon an imperfect 
knowledge of the subject, will stand in the way of vast public 
interests, and, so believing, I have said to representatives of 
some of those companies that the near future would demonstrate 
the projected power stations and systems of electrical distribu- 
tion incidental to the character of such stations, to be as far 
from the best as are the old cable systems for the propulsion of 
cars, 


Dr. Robert H. Thurston.—I have been-much impressed by 
the suggestions of Mr. Westinghouse’s letter. It suggests 
thoughts far more wide reaching than at first may appear. The 
primary principle which underlies its text is that of the com- 
bination of all the essential public utilities in such manner as to 
insure the most economical production possible. This does not, 
in this case, mean so much a reduction of total costs to the 
public as an increase of availability of the product for the aver- 
age citizen. 

When gas is permanently reduced to 50 cents per 1,000 cubic 
feet we may all use it in our kitchens and, to some extent, for 
heating and in manufacturing, while the city will employ it in 
making more.extended and efficient the public lighting outside 
the range of the electric light. When the electric light can be 
supplied at a half or two-thirds its present average cost, the urban 
lighting of our communities will be doubled in area and effi- 
ciency, and the comfort of honest citizens and their safety and 
the repression of disorder and crime will be vastly greater than 
now. As is almost invariably the fact, the reduction of price 
and costs will be met not so much by saving as by extending the 
benefits of all utilities. When garbage can be made to contrib- 
ute to our comfort and health, instead of being a perpetual 
menace, our householders will find comfort in that fact and our 
taxpayers will be relieved. 
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In every city in the country this combination of all sources 
of power in a single center, and the production of heat, light, 
power and electricity, and the incineration, profitably and whole- 
somely, of all garbage, should be provided for. Such a wise and 
sound method of engineering these enterprises would enable 
many a small city, or even village, to supply its people with 
water and light, and to relieve itself from the dangers of typhoid- 
charged water and of fever-breeding garbage, whereas it must 
wait many years for the comforts of modern life. . 

The gas, electric and water-supply plants, and the garbage 
incineration arrangements should all be combined, not so much 
to reduce costs of product and of necessary expenditures as to 
make it practicable for our cities to secure well-lighted streets. 
an ample supply of pure water—artesian if possible—for drink- 
ing and industrial purposes, a complete and useful disposal of 
refuse matter, and all at minimum charge in the tax levy. But it 
is the wide distribution of these great blessings rather than the 
reduction of the aggregate cost to the city of such charges that 
should be sought. 

Mr. Westinghouse has himself done much to render this im- 
portant change practicable, not simply in his contribution to the 
art of electric lighting, but also, and more extensively and ina 
more important degree than is generally realized, in his work in 
the direction of placing beside the steam engine as a source of 
industrial power a distinctly dangerous rival in the gas engine 
of large power, gas engines of 500 and 600, and, in a few in- 
stances, of 1,500 horsepower, and operating with exceptional 
economy, having already been produced. The scheme for the 
conversion of the potential energy of our garbage into useful 
power, as a part of the larger plan, is by these facts rendered so 
much the nearer practicable, and the day of this form of indus- 
trial extension so much the closer at hand. 

We find ourselves, as Mr. Westinghouse himself has elsewhere 
stated it, in a‘ new industrial situation.” Happily it is one in 
which all parties to the present and older situation may be ad- 
vantaged. The realization of this proposed modernization of 
the city public utilities in this manner will extend the market 
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for the sale of electric light and for gas, and thus increase the 
profits, as always occurs, on the extended business. It will make 
our very wastes by way of the kitchen door a source of health 
and profit, and free us from some of the most serious of all the 
risks and disadvantages of crowded city life. Where it is prac- 
ticable in the usual case—in fact, to introduce the provision of 
needed power for a pure-water supply in the scheme, the free 
use of wholesome water will become a continually growing 
source of health and comfort and godliness. 

Nowhere in the world is there a greater opportunity offered 
for the full exemplification of this plan and its economical 
advantages than in New York, and nowhere is it possible to 
accomplish more for a crowded population than in that city. 
With pure water in plenty for the poorest, liberal use of elec- 
tricity for light and power, and of gas, where suitable for light- 
ing, and in the now common and economical forms of gas engine 
of every magnitude, from 1,500 horsepower down, with sanitary 
conditions perfected by proper disposal of garbage and sewage, 
New York should become an ideal residence city. Nature has 
there done her best, and it only remains for man to do his very 
best in the light of modern science. 

This is hardly less true of all large cities, but that is not the 
most or the best possible. The larger proportion of our people, 


. so far as urban at all, live in small cities, and these may, under 


such ideal conditions as are here contemplated, become at a 
comparatively early stage in their growth well lighted, health- 
fully provided with water, and sanitarily insured against danger 
from refuse, now a source of sickness and death, and at a reason- 
able cost, may be given all the comforts of city life. 


Dr. Cary T. Hutchinson.—The letter from Mr. George 
Westinghouse calling attention to the great advantages that 
would accrue to the citizens of New York from the use of 
garbage as fuel, and to what he considers to be the “ imperfect 
knowledge of the subject” shown in the engineering plans for 
the large power stations about to be erected on the East River, 
deserves some comment. 
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Mr. Westinghouse estimates the amount of garbage available 
daily in New York City at about 500 tons. He implies that this 
amount of garbage, converted into gas and used in gas engines, 
would be sufficient to supply a material part of the output of 
the great power plants that he refers to. Experiments made in 
England, based on the burning in steam boilers of 26,000 tons of 
ordinary city refuse, show that one pound of such refuse will 
make one pound of steam. On this basis, assuming the best 
engines and electric generators, 25 pounds of refuse would be 
required for each unit (kilowatt-hour) output of electric energy 
from the power plant. 

Mr. Westinghouse, however, does not propose to use the 
refuse for making steam, but purposes converting it into a fuel 
gas. He gives no data as to the value of the refuse used in this 
way, beyond the statement that “all the garbage can be con- 
verted into a fuel gas of great value.” It is simple, however, to 
give an approximate idea of the possible limit to the efficiency 
of a process of this kind. 

Assuming the analysis of the garbage given, that is, 20 per 
cent. carbon to 80 per cent. water, the maximum theoretical 
heating value of one pound of refuse is very approximately 
2,000 thermal units; if all this energy can be recovered in the 
form of a gas, that is to say, if the efficiency of the energy con- 
version from refuse to gas is perfect, and assuming a ratio of 
20 per cent. between the energy in the form of electricity, and 
the theoretical energy of the gas, a high figure, it would require 
8.5 pounds of refuse per unit (kilowatt-hour) of electric energy. 
This figure fixes the maximum theoretical duty of a pound of 
such refuse when converted into a gas and used ina gas engine. 
It is not probable that the actual commercial duty of the process 
will equal 15 pounds of refuse per kilowatt-hour. 

That is, a consideration of the elementary principles involved 
shows a probable duty of 15 pounds of refuse per unit (kilowatt- 
hour) in comparison with 25 pounds, deduced from extensive 
tests on steam. This difference represents the possible improve- 
ment due to the use of gas engines. 

Assuming, then, that a unit of electric energy can be obtained 
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from 15 pounds of refuse, the 500 tons would yield about 67,000 
units. As Mr. Westinghouse truly says, the aggregate power of 
the large steam plants mentioned is approximately 375,000 
horsepower. The daily output of these plants will be approxi- 
mately 2,500,000 units; in other words, the maximum result 
that could be got from the consumption of all the garbage of 
New York City in the way that Mr. Westinghouse describes, 
would supply about 2} per cent. of the daily output of power 
from these stations alone. This is so trifling that it is hardly 
worth consideration, not being even sufficient to drive the 
pumps and auxiliary apparatus in the various power houses.— 
“The Engineering Record.” 





THE NEW UNITED STATES NAVY-YARD COALING STATION AT 
NEW LONDON, CONN. 


For several years the United States Navy Department has 
been giving careful consideration to the establishment of perma- 
nent coaling stations at the most important strategic points, 
appreciating the necessity of having an accumulation of coal on 
hand for emergency, of protecting the fuel from deterioration 
resulting from exposure to weather, and of constructing me- 
chanical devices to handle coal from store to vessel with the 
greatest rapidity. The first completed plant of this kind has 
just been finished at the Naval Station, New London, Conn., by 
the Hoffman Engineering and Contracting Company, of Phila- 
delphia, Pa., whose designs and specifications were selected by 
the Department of Yards and Docks in competition with a 
number of other leading firms of engineers. The building has 
a storage capacity of 10,000 tens, its general dimensions being: 
Length, 290 feet; width, 97 feet; height of coal, 35 feet. 

As the building was necessarily located near the water's edge, 
and on unreliable ground, the foundations required careful con- 
sideration. After excavation to low-tide level, the entire area 
was filled with piles, some 1,260 piles being driven. These 
piles were capped with 12 by 12-inch timber, on top of which 
was a close grillage of 12 by 12-inch timber. Above this gril- 











192 NOTES. 


lage were placed gravel and sand filling, well puddled, and a 
concrete floor, with a granolithic finish, 12 inches thick. Under 
the walls and under the center lines of the columns supporting 
the roof and the railway tracks running through the building, 
the piles were more closely spaced. The walls are granite- 
range ashlar, and extend 5 feet 6 inches above the floor. The 
pitch of the roof is sufficient to prevent the coal from coming 
into contact with the metal. This is also prevented in case of 
the central columns by jacketing them with sheet iron and fill- 
ing the space with carefully-rammed concrete. In no case does 
the coal come in contact with metal. 

The lantern top to the roof protects the railway tracks, which 
are standard gage, running the entire length of the building, and 
also contains the mechanism for opening and closing the hatches, 
besides giving light and ventilation to the building. As shown, 
there are 14 hatches on each side of the building, each having 
independent opening mechanism, giving a continuous line of 
openings available. The covering of the building is corrugated 
metal and no wood is used in the construction. A concrete sea 
wall extends the entire length of the building, carrying a single 
line of rail on which the inshore legs of the conveyors travel. 
To carry the conveyor machinery it was necessary to rebuild a 
portion of the dock. Steel piles 80 feet long were required, and 
they were securely capped and braced with steel beams, angles, 
etc. 

The coal-conveying and handling plant consists of two of 
Brown’s patent bridge tramways, which, in conjunction with 
the steel shed will enable boats of various sizes and with 
different numbers of hatches to be unloaded economically and 
quickly, and the coal transported and deposited into any portion 
of the coal storage shed. The cval can also be dumped any- 
where between the pier and the shed if desired, and transferred 
direct from small lighters, which can float in the water space 
behind the pier, to vessels in front of the pier. The coal can 
also be rehandled through any hatch of the shed to any hatch in 
vessels or lighters either in front or behind the pier. Coal can 
also be rehandled from the storage shed by automatic grab 
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buckets furnished, or it can be shoveled by hand into the dump- 
ing buckets. 

Bags may also be filled in the building and transported on 
crates mounted on wheels, and these crates can in turn be lifted 
through the hatches of the building and conveyed to and 
lowered through the hatches of the vessels. This arrange- 
ment makes it also possible to load or unload any other kind 
of material anywhere within range of the machines and within 
their capacity, and this material can be conveyed and deposited 
to any position within their range, or can be transferred to 
wagons or cars, or to lighters beyond the pier, or between the 
piers and the shore. In other words, the hoisting and convey- 
ing machinery is not only a complete coal-handling apparatus in 
itself, but it also constitutes a perfect traveling crane for hand- 
ling any material along its entire length, as well as over the 
entire length of wharf over which it travels. 

The front piers of these conveyors contain machinery, engine 
and boiler housed, movable with them, and travel on rails near 
the front of the wharf, and the rear piers supporting the opposite 
end of the bridges travel on a rail on the foundation wall at the 
side of the coal shed. The whole structure, together with the 
engine and operator’s houses, is entirely of iron and steel. All 
the motions of hoisting and conveying may be performed in 
either direction at will of the operator. The engine power of 
each tramway is guaranteed to hoist 3,000 pounds at the rate 
of 350 feet per minute. 

The front piers containing boilers and engines are arranged to 
be propelled along the dock by power at the rate of from 50 to 
75 feet per minute. The back pier is arranged to be operated 
by hand. Both front and back piers have clamps for fastening 
them to the rails when necessary. Both piers are mounted on 
wheels of best chilled charcoal iron ground true to tread. There 
are ten wheels under each double pier and four wheels are under 
each single pier. With each bridge is furnished one special 
5-ton Fairbanks scale, so located along the length of the tram- 
way that each load carried by the trolley can be weighed while 
moving along the bridge in its regular course with the scale 
13 
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beam on top of the bridges, or at any other convenient point. In 
general, each of the bridges has sufficient power and strength 
of mechanism to take a loaded bucket from the hold of the ves- 
sel, hoist it and transport it to any distance on the bridge tram- 
way, dump and return it to the hold of the vessel in one minute. 
The general factor of safety for the bridge construction is five for 
the moving load and four for the dead and wind loads.—“ Engi- 
neering News.” 


EFFECT OF CIRCULATION IN WATER-TUBE BOILERS ON EVAPORATION. 


At a meeting of the Institute of Marine Engineers held on 
November 27, 1899, at the Institute premises, Stratford, Eng- 
land, Mr. G. Halliday read an interesting paper on “ Experiments 
showing decrease in the rate of evaporation in consequence of 
increase in the rate of circulation through the tubes of water- 
tube boilers.” In the course of his paper, Mr. Halliday said: 
Former experiments were made to see whether molecular change 
of the water was the cause of the increased absorption of heat 
by water at the boiling point. We found that at the boiling 
point there was rather less absorption of heat than at lower 
temperatures. This was the condition of things when the effects 
of more rapid motion of the water were eliminated. An attempt 
was also made to find whether there was a constant increase of ab- 
sorption of heat by the water as the speed of the water through 
the tubes increased. It was found that the absorption of heat 
did rise with an increase of velocity up to a certain point, but 
after that point in the velocity was reached the absorption fell 
off, and continued to fall off as the speed of the water through 
the tube continued to increase. This point in the speed of the 
water where the maximum rate of absorption of heat occurred 
was not constant. It varied under the influence of various fac- 
tors. The speed at which the maximum effect took place rose 
as the quantity of heat supplied to the tube increased. So did 
the quantity of heat absorbed rise. The quantity of heat ab- 
sorbed rose also with the quantity of heat supplied to the outside 
of the tube. 
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In those experiments we only dealt with water. We did not 
deal with water and steam. Steam was not evaporating from the 
moving water when the results were noted. That being so, it 
would not be fair to conclude that water while giving off steam 
behaved in the same way as water did under changes of velocity. 
Water while evaporating steam might behave quite differently 
to water alive without steam. Water when evaporating steam 
does not run through the tube as water, but as water and steam, 
and therefore the effect of the presence of the steam may change 
entirely the conditions. What was sought in the following ex- 
periments therefore was to apply heat to the outside of a tube 
through which water was flowing, and note the quantity of steam 
given off while the water was moving at different velocities. 
The quantity of heat was also varied and the quantity of steam 
given off under the different conditions was noted. First of all it 
may be premised that the accepted view is that the evaporation 
increases with the rapidity of circulation of water through the 
tubes; that is, the faster the water runs through tubes it is 
believed the quicker is the evaporation of steam. This is the 
universal view with one exception. The “Engineer” has held 
that this is not true, and that circulation is an evil after a certain 
point. In the experiments described in the present paper water 
was heated to boiling in atank,and drawn from there through a 
tube heated with a Fletcher burner. The steam and water were 
separated in a separator and separately measured. First, the flame 
of the Fletcher burner was kept constant; that is, the heat sup- 
plied was kept constant. Under this condition it was sought to 
determine the influence of the rate of circulation. The rate at 
which the water moved through the tube was varied. It was 
sought to determine whether the amount of evaporation re- 
mained constant with the heat supplied or varied with the 
velocity of the fluid through the tube. 

The second question was whether the evaporation increased 
with the speed of the water and steam through the tube or in 
what way the evaporation was affected by the velocity of the 
water and steam through the tube. First, then, the tank sup- 
plying the water was heated to boiling point, and it gave off 
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steam freely. Then the Fletcher burner was lit and the flames 
allowed to play on the copper tube. Then the water from the 
tank was turned on and allowed torun. After the water had 
gone through the heated part of the tube, steam and water 
together flowed through the separator into a flask. After that, 
the cold water was turned on at the cold-water tank and made 
to flow through a condenser. By that time the whole of the 
apparatus was in full working order. The period settled for 
each experiment was four minutes. At the end of four minutes 
the water in the flask was measured, and the condensed steam 
measured also. The sum of the two gave the quantity of water 
which flowed through the tube for four minutes, and the quan- 
tity of steam evaporated for four minutes. After the first four 
minutes 14 centimeters of water were found in the measure. 
This meant that 14 cubic centimeters of water had been evapo- 
rated during the same time that 175 cubic centimeters of water 
had flowed through the tube without having been evaporated. 
This quantity, 175 cubic centimeters, was found at the end of 
the first experiment in the flask. The total water which had 
flowed through the heated copper tube was thus 189 cubic 
centimeters. 

When these had been measured the water in each measure 
was poured away and the apparatus got ready for a second ex- 
periment. The flame and the gas supplied to the Fletcher 
burner were left the same as before. This flame was kept the 
same through the full set of experiments. To start with, the 
water and steam were allowed to run right through the separa- 
tor. As soon as the time to start began the water and steam 
were shut in the separator by means of the small tap at the bot- 
tom, and the flask cleared out. When placed below the separa- 
tor the water was run into it again, but a little water was always 
left in the bottom of the separator to prevent steam blowing 
through. The steam then flowed through the second branch at 
the top of the separator, got condensed and flowed into the 
measure. At the end of the four minutes the condensed steam 
was measured and the water also. The result of the second ex- 
periment was that at the end of four minutes 18 cubic centime- 
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ters of steam had been condensed and 140 cubic centimeters of 
water had run into the flask. The total quantity of water which 
had flowed through the copper tube was thus 158 cubic centi- 
meters. Here, then, are two sets of results: 


Velocity of Water Velocity of Water 
water. evaporated. water. evaporated. 
934 23% 543 243 
94 24 93 23 
103 23 122 22 
1214 214 378 18 
129 19 575 15 
158 18 664 14 
189 14 762 12 


It will not be assumed that the figures given above show any- 
thing but comparative results. A number of factors are pur- 
posely left out of consideration, but it may be assumed that the 
figures show there is not an advantage in a high rate of circula- 
tion of water through the tubes of a water-tube boiler. 





DETAILS OF THE BOILER EXPLOSION ON THE AUSTRIAN TORPEDO 
BOAT ADLER, JULY 22, 1899. 


While on her way from Teodo to Sebenico in the channel of 
Curzola (nearly 2} marine miles from Eilande Torcola, and 
about 6 marine miles from the island of Lesina), on July 22, 
1899, a terrible and unexpected boiler explosion occurred on 
H. M. torpedo boat Ad/er, which killed five men and seriously 
injured four others. The boat was under the command of Lieut. 
Camillo Schwarzl and had a crew of fourteen men and two 
officers. Assistant Engineer Moriz Grabmayr, from Angerheim, 
Joseph Deotto, the oiler, and firemen and sailors were seriously 
injured. 

The torpedo boat Adler was in first-class condition, and had 
the special mission of training the carrier pigeons. On July 
22d, it was to leave Teodo and was due at Sebenico at 7 o’clock 
in the evening. The boiler was cleaned in Teodo before leaving, 
and was afterwards filled with fresh water, the supply tank being 
also filled. The pressure in the boiler was, as usual, kept at 8 
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atmospheres, although the boiler was made to carry 10} atmos- 
pheres. Inthe morning the propeller worked at 200 revolutions 
per minute, and in the evening, when the watch was changed, it 
was running at 220 revolutions per minute, which increased the 
boat’s speed to 14 marine miles per hour. The first assistant 
engineer had everything under control and found the engine in 
a normal condition, the pressure being at 8 atmospheres. The 
water inthe water gages, in both glasses was, as usual, 2 fingers 
above the normal. The water of the boiler vibrated in the 
glasses and the water tenders observed the water level every 
moment, and no steam could be detected escaping either in the 
fixtures or in the engine. The boiler had a free supply of water 
which always tasted fresh. On board, the whole crew harmon- 
ized with one another. The engineers could be trusted, were 
competent and did not drink. 

On the day of the explosion, to the time of the unlucky event, 
the sea was smooth. The second officer was on duty, when 
all at once a terrible report was heard all around for two miles 
from the ship. The air seemed to be filled for a moment with a 
dark cloud. Ashes, pieces of coal and iron, water and all kinds 
of parts of the ship fell down. The falling mass struck the second 
officer with such force that it crushed his head and he fell dead 
on deck. The first officer, who at this moment looked out 
through the port hole, was torn away and never heard of. The 
second under officer, owing to fright or being scalded, sprang 
into the sea through the port hole, swam nearly one-quarter of 
an hour, grasped the life preserver and held tight to it for a 
moment, when suddenly he disappeared into the sea. The 
under officer of the boiler was thrown on deck and lay there 
dead. The storekeeper and one sailor were also missing. 

After the explosion the boat presented a terrible sight, the 
deck over the boiler being totally torn away. Both the bulk- 
heads were bent far apart. The smokestack was bent 30 degrees. 
The store cabin was hanging on a strip of metal. The forward 
smoke room was not damaged. The smoke room was torn 
way from the boiler. The brickwork and walls of the firebox 
were thrown about. The boiler fittings were torn off. The safety 
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valve was torn away from the boiler and the main steam pipe 
was torn away from its place. The pilot house and main steam 
pipe with the rest of the piping and asbestos all fell. The ash 
doors were bent and the hinges torn off. The floor plates of 
fire room were crushed. The air shaft and ventilators were 
smashed and the engine room bulkheads were bent. 

The bricks and firebrick carriers were demolished and scat- 
tered. Of the 17-ton boiler, which, under normal conditions 
carried 7 tons of water, there was no trace, as it had fallen into 
the sea within a second after the explosion. The fastenings of 
the ventilators and dynamos were bent in the engine room, and 
the whole room was filled with dust, soot and ashes. Otherwise 
the other part of the machinery was uninjured. The material 
which was on deck right over the boiler—the compass, etc.— 
disappeared from the boat. The firemen were scattered among 
the dead and wounded. 

Those who revived said that the explosion was the work of a 
moment. They could not account for what had happened until 
they saw the whole deck torn up and the boiler missing. After 
the explosion the bodies were collected and the injured cared 
for. The officer in command ordered the uninjured to put up a 
mast, on which a piece of canvas was fastened to serve as a 
sail, and allowed the boat to drift toward the nearest island, 
where he landed and informed the life savers. During the night 
the cruiser Zena, and the torpedo boats Komet and Geyer came 
to render assistance and to take the dead and wounded to Spalato. 

The torpedo boat Adler was hurriedly repaired as well as 
possible, and towed to Pola and immediately dry docked. 

The torpedo boat Ad/er was built in the year 1886 by Yar- 
row, in Poplar (London). It had a displacement of 95 tons; a 
total length of 38 meters, width, 4.8 meters, and a depth of 
0.98 meters. 

The ship’s engine consisted of a three-cylinder compound, with 
a high-pressure cylinder of +8 inches, 825 H.P. At the time of 
building this torpedo boat water-tube boilers for such boats 
were not in use. Torpedo boats were fitted up with the loco- 
motive type of boilers, and the firm of Yarrow had under especial 
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study the construction of said boiler, and it was put in as an 
experiment. The boiler is built of various materials. It hada 
copper firebox, and the area was braced by vertical stays of 
Siemens-Martin steel to stiffen it. The fire tubes were of com- 
position soldered with copper. The whole length of the boiler 
was 5.515 meters; the diameter of the same, 2.270 meters; 
the thickness of plate, 16 millimeters; the firebox was 2.590 
meters long and 0.914 meters high; the distance between the 
grate bars and the top of the firebox was 820 millimeters. The 
two walls of the firebox were held by 261 stays, at a distance of 
30 millimeters from each other in order to strengthen the di- 
ameter. There were 56 stays holding the front part of the 
boiler and the wall of the firebox. The total heating surface 
was 190.42 square meters. The maximum pressure was 10.5 at- 
mospheres. The grate was 1.8 meters long, and had a total 
area of 3.7 square meters. The weight of the boiler empty was 
16,565 kilograms, and the water capacity 6.6 cubic meters. The 
boiler was arranged for artificial draft, for which ventilators and 
blowers were installed in the fire room. 

The torpedo boat Adler was the fastest boat at sea in her 
time, and was looked upon as a wonder by shipbuilders. At 
her speed trials she developed 22.3 knots per hour. During 
later trips the engine indicated 340 revolutions per minute, with 
1,060 H.P., and 305 revolutions, with 736 H.P., when the total 
coal consumption was only 670 kilograms per hour. 

To-day the boiler lies at a depth of 60 meters under the sea. 
The exact location is not known, as the compass was blown 
away bythe explosion. The boiler was properly cleaned before 
departing, but there was always a feeling that the firebox would 
probably give away at the back, and a quantity of rivet-heads 
and rivets were found in the boiler room. About a month 
before the accident the boiler was inspected and put under 
hydraulic test, with good results.—Translation. 


RESEMBLANCES BETWEEN ANIMATE AND INANIMATE MATTER.; 


It is becoming increasingly difficult to draw a line between 
the phenomena of life and those of dead matter. Extremists, of 
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course, go so far as to say that there is no difference; but even 
those who contend for a rigid distinction admit the discovery 
of interesting facts that furnish analogies between the organic 
and non-organic worlds in totally unexpected places. Some of 
these are brought out by M. C. E. Guillaume in a recent paper 
read before the Swiss Society of Natural Sciences, of which the 
following abstract appears in the “Journal de Genéve” : 

“At bottom, the abyss that seems to separate brute matter 
from living matter does not exist, and the more deeply we in- 
vestigate intermolecular phenomena, the more analogies we find 
with those of biology. Whether it forms part of a living or non- 
living body, the molecule undergoes multiple metamorphoses, 
more or less rapid disaggregations, movements, etc. The meta- 
morphoses of non-living matter, ordinarily very slow, are always 
adaptations to varying conditions, just like the transformations 
of the living organisms, properly so called. 

“The microscope, which has opened up such vast regions in 
the mechanism of fermentations, for example, by enabling us to 
connect this with the action of determinate microorganisms, is 
in the way of rendering an equally great service in its applica- 
tion to inanimate matter. 

“ The form of this latter, taken in a solid state, is not variable. 
Every one knows that glass contracts with temperature, that all 
bodies acted on by external force are deformed, and that brass, 
for instance, under the influence of heat, passes from the ordi- 
nary to the annealed state. 

“Modern physics shows us that ordinary brass is composed 
of little broken crystals, mingled with a mass which they pene- 
trate completely. In annealed brass, on the other hand, the 
crystals are reconstituted and separated from the amorphous 
mass. Now these crystals could not have been formed without 
a movement of the molecules in the interior of the metal—a 
movement that is much greater than ordinary molecular motion, 
reaching hundredths, and even tenths of a millimeter,” 

Where, asks M. Guillaume, does the mobility of the molecules 
in a solid body have its limit? It is doubtless greater, he be- 
lieves, than has usually been supposed. At the temperature of 
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100 degrees, a small cylinder of lead, in contact with a disk of 
gold for forty days, has, at the end of that time, gold through- 
out its whole mass. The astonishment that such an experiment 
excites grows less, the writer reminds us, when we compare the 
result with the long-known fact of the penetration of carbon into 
heated steel. When we add external to molecular forces, we 
get effects of still greater intensity. To quote again: 

“In facts of this kind, which modern discovery is multiplying 
daily, M. Guillaume finds the proof of molecular displacements 
measured by millimeters and centimeters; it is then wrong to 
draw a line between so-called inert matter and animate matter. 

“On the other hand, brute matter is modified by adaptation. 
When we subject a steel bar to a pull sufficient to break it, a 
narrow neck is first formed at the point where the bar will break. 
But if we cease pulling as soon asthe narrowing becomes notice- 
able, and then turn the bar down to a uniform diameter in a 
lathe, when we subject it a second time to this treatment, we 
shall find that the neck always forms in a new place. It appears 
that wherever, under traction, the metal begins to be thinner, 
the substance ‘instinctively’ hardens to resist the effect. 

“In the alloys of nickel and steel studied by M. Guillaume, 


* We can men- 


similar facts have been brought out. * * 
tion here only one—the fact that under the influence of great 
cold, bars of nickel-steel lengthen in such a way that when the 
phenomenon is seen for the first time it seems as if the inert 
matter had been suddenly endowed with life. 

“ Phosphorescent bodies, from the point of view of adaptation 
to external circumstances, furnished an analogy with social 
organization. M. Guillaume cites a beautiful example taken 
from Becquerel’s process of color-photography. Chlorid of 
silver, which becomes red under the influence of red light and 
green when subjected to green light, is only, by this process, 
protecting itself against the light, which tends to break up its 
molecule. 

“In closing, M. Guillaume, after indicating the likenesses that 
appear to exist between inert and animate matter, takes care to 
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remind us of some of the fundamental facts that forbid us to 
believe that these forms of substance are one and the same. It 
would, of course, be imprudent to generalize prematurely, but 
M. Guillaume has certainly shown us analogies where they 
would have been least suspected.”—Translations made for “ The 
Literary Digest.” 


STORY OF THE CHARLESTON DISASTER. 


In the reports from Manila, relative to the loss of the U.S. 
cruiser Charleston off Camiguin, the accident is said to have 
been due primarily to the inaccuracy of the Spanish charts, It 
is claimed that Spanish charts of the Philippine waters are full 
of inaccuracies and are not to be trusted. In heading for the 
island of Camiguin, the navigators on the Charleston were gov- 
erned by a chart which showed two small pinnacle rocks stick- 
ing straight out of the water about eighteen miles from the island 
to the northeast. The chart showed these pinnacles as about 
six miles apart, with clear water between them. As the Charles- 
ton approached this vicinity she was steaming a little less than 
5 knots an hour, and there was a current setting her along at 4 
knots. As thecruiser approached the pinnacles, those on board 
noticed confused water ahead of them. This was supposed to 
be a tide rip, of which the sailing directions spoke, and Captain 
Pigman gave the navigator the order “ Port your helm. It is 
easier to go around a tide rip than it is over a reef.” The helm 
was put over hard immediately, but the fact that the vessel was 
running at a slow rate of speed prevented a response as quickly 
as would otherwise have been possible. Indeed, it has been 
stated by officers who were on board that the disaster might 
have been averted had the vessel been running at a greater speed. 

The Charleston, as she swung off to starboard was borne down 
on the rocks, located at the supposed tide rip. The commander, 
anticipating what was coming, gave the order to reverse the 
engines at full speed, and this was done instantly, but time was 
not allowed for the cruiser to gather sternway and she struck 
heavily on the port bow, gave a sharp list to port, scraped along, 
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bumping over the jagged rocks, and stopped, held fast by the 
reef. The engines were kept in operation at full power and did 
all they could to back the vessel off, but so far as fore-and-aft 
movement was concerned she never budged. 

The discipline on board when the vessel struck is said to have 
been perfect. The men were at work closing the watertight 
doors before Chief Engineer Little, who had been asleep, could 
get to the engine room, and they shut them so quickly that one 
man was shut up in the hydraulic room. It was realized almost 
from the first that the vessel would have to be abandoned. The 
vessel pounded in a frightful manner, the swell lifting her and 
dropping her repeatedly with great force on the jagged rocks. 
The boilers were lifted from their fittings, and all but cast 
adrift. There was no delay in coupling up the pumps and set- 
ting them going; but all the pumps, first the 6-inch and later 
the 12-inch, were hopelessly clogged by the coal which had 
been washed down into the bilges. The rush of incoming water 
finally reached the forward fire rooms, and the hands of the 
steam gages slid down to the left with a rapidity which soon 
made it necessary to abandon the big pumps for want of steam. 
The steam ran down to 30 pounds, and then the air pumps 
stopped, while a dimming of the electric lights indicated plainly 
to all on board that water had reached the dynamo room. Even 
then the engine-room force stuck to their work, vainly striving 
to operate some of the pumps by hand and with the light of oil 
lamps. 

The men on the Charleston were all taken off safely, although 
the fact that the vessel had lost one of her boats made the work 
difficult. After the shipwrecked crew had been rescued by the 
Helena, a steam launch made another trip to the Charleston, but 
it was found to be impossible to get aboard. The cruiser had 
settled by the stern until the after bridge was awash, and it was 
evident that it was simply a question of a little rough weather 
when she would go down. The general opinion is that the court 
of inquiry will find that no blame attaches to the Charleston's 
officers for her loss.—“ Marine Review.” 
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THE WEAR OF GEAR TEETH. 


The correct form of gear teeth is a subject to which probably 
more study has been given than almost any other detaii of ma- 
chine design, and from the time which is given to it in some 
courses of study it might almost be supposed that the tracing of 
tooth outlines was the main object of the mechanical engineer. 
In all these studies, however, one important feature of gear-tooth 
action has hardly been considered, namely: the influence of the 
shape of the tooth upon the wear. Several years ago a paper 
upon this feature was presented before the American Society of 
Mechanical Engineers by Professor Reuleaux, and now we have 
a very full treatment of the same subject in a series of papers 
by Herr O. Lasche in the “ Zeitschrift des Vereines deutscher 
Ingenieure.” 

The importance of this matter is shown by the fact that electric 
traction and other applications of electric driving have led toa 
much wider introduction of high-speed gearing than has here- 
tofore been made, and in many instances these applications are 
surrounded by conditions which conduce to rapid wear. 

It is evident that the question of wear compels the considera- 
tion of many other conditions than those involved in the mere 
kinematic problem of the transmission of motion at a determinate 
velocity ratio, the wear depending upon the pressure on a given 
unit of the tooth surface, upon the extent and nature of the 
sliding, and upon other working conditions to be considered in 
each specific case. ; 

Heretofore the best form of tooth outline has been decided 
solely by the theory of geometrical relation of the parts during 
the transmission of motion, but when the question of wear is 
taken into account it will be seen that the form of tooth may 
have an important influence upon the life of the wheel. 

The two forms considered by Herr Lasche are the epicycloid 
and the involute, these curves, or some close approximation to 
them, being practically the only ones in general use. Assum- 
ing that these are practically equal, so far as ease of construc- 
tion and correctness of transmission of motion are concerned, 
he takes up the difference in wear in each case, giving some 
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very interesting and instructive diagrams. The wear may be 
considered as dependent upon the following three conditions: 
the specific pressure of the two tooth surfaces upon each other, 
the cofficient of friction of the materials used, and a coefficient 
depending upon the extent to which the two surfaces roll and 
slide upon each other. 

Assuming the total pressure to be uniform during any period, 
the specific pressure depends upon the area over which the total 
pressure is distributed, and it is evident that this area is gov- 
erned by the curvature of the surfaces. If the materials were 
absolutely inelastic, there would be but a line contact in any 
case, but in practice the area of contact depends upon the elas- 
ticity of the material and the radius of curvature of the surfaces. 
Since the curvature is by no means constant for either form of 
tooth, it follews that the specific pressure varies during different 
portions of the engagement of the teeth, and there will be varia- 
tions in wear upon different portions of the tooth from this cause. 

The question of relative sliding and rolling action is carefully 
studied by Herr Lasche, large diagrams of teeth of both forms 
being shown with the faces divided so as to show the extent to 
which the sliding occurs, and the relative results being plotted 
in the form of curves. Similar curves are given to show the 
varying pressure at different points of engagement, and by com- 
bining the two curves the extent and distribution of the wear 
can be theoretically deduced. 

From these it is seen that the wear on’ involute teeth should 
be much more irregular than of epicycloidal curves, the pressure 
and rubbing being especially high at the beginning of engage- 
ment in the case of the former. 

Comparing these theoretical conclusions with the behavior of 
teeth in practice, it will be seen that the theory is well borne 
out. A number of photographs are given of gear teeth which 
have been badly worn in service, and the distribution and 
extent of wear in the two systems show that it is quite possible 
to determine beforehand the character of action for a given form 
of tooth, so far as durability is concerned. 

The question of the “ coefficient of wear,” first introduced 
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by Reuleaux, is a matter which should undoubtedly be taken 
into consideration in connection with the whole subject of gear 
design for such service as is involved in tramway work, and with 
an intelligent study of the subject a much longer life for gear 
wheels may be expected.—“ Engineering Magazine.” 





TABLE SHOWING THE LOSS OF PRESSURE IN STEAM PIPES. 
[By A. F. Nagle, M. Am. Soc. M. E.] 
1 Boiler Horsepower = 34.50 pounds of water evaporated 
from and at 212 degrees Fahrenheit per hour. Formula [Kent, 
page 617]: 


n—n= Se 
fp, and ~, = pressures at beginning and end of pipe, 
Q  =cubic feet of steam per minute, 
w = weight of one cubic foot of steam, 
L = length of pipe in feet = 100 feet, 
a = diameter of pipe in inches, 
co = constant = 65 or C? = 4,200. 


This formula will reduce to 
00787 V x H.P? 
A-h Z on oe 
when ’= volume in cubic feet of one pound of steam at re- 
quired pressure, and /.P. = horsepower. 
For 100 pounds pressure V= 3.82 


“ 150 ““ “ V= 2.72 

“ 200 “ “ V= 2.12 

“ 250 “ “cc V= 1.73 

The formula then becomes for 

2 
100 pounds steam pressure, ~, — p, = me . 
2 
150 pounds steam pressure, p, — p, = a ke 
200 pounds steam pressure, ~, — ~, = sah ae 
0136 HP? 


250 pounds steam pressure, f, — p, = 


a® 
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Loss or STEAM PRESSURE IN FLOWING THROUGH 100 FEET OF PIPE. 


Diameter 
Boiler, H.P. | of pipe, Steam pressure, pounds per square inch. 
inches. 


150. . 250. 
2.2 
-gO 
-40 
3.6 
1.6 
-84 
1.8 
I.I 
-62 
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44 
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—‘ Engineering News.” 


THE LINOTYPE MACHINE—WHAT IT DOES AND HOW IT WORKS. 


Mr. Morris Fulton, in describing the linotype in a letter to 
the “American Machinist,” says: The /inotype makes lines of 
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type. The operator has a finger board like the finger board of a 
typewriter, and he operates it in about the same way. When 
he has touched off all the letters for the words of a line, touch- 
ing a key also for each space between the words, and when his 
work for the line is thus completed, he begins again with the 
next line, and so on, without waiting at all for anything to 
happen or to be done. He attends to his business and the ma- 
chine attends to its. And that the machine is attending to its 
business is soon in evidence. Before the operator's manipula- 
tions for the second line are completed the machine delivers a 
brand new and perfect casting of the first line. 

We all know well enough how ordinary printers’ type looks. 
Well, here’s a line of bran new type all frozen together into a 
single solid block, or at least it looks like that; but instead of a 
lot of type the line produced is really a stereotype or casting of 
a line of type, identical in shape and in every dimension with a 
line of actual type, so that it is not at all like the thin plates of 
the usual stereotypes or electrotypes, which have to be mounted 
on wooden blocks of the proper thickness before they can be 
used. The linotype is complete in itself, and ready for im- 
mediate use in making up a form with other type, with cuts or 
half-tones, or anything else as may be required. 

The linotype machine is not a type-setting or a type-distribut- 
ing machine. It discards the use of printers’ type entirely in its 
operations, and, in fact, supersedes and does away with the great 
invention of Gutenberg. What the machine really handles are 
matrices or molds for forming the faces of the letters or other 
characters, one matrix for each such character, and these remain 
in the machine, are constantly automatically redistributed, and 
are used over and over again. 

Several of the matrices for each letter or character used are, 
of course, always in place in the machine, waiting for the touch 
of the operator. Each descends by its own channel when its 
key is touched, these channels being vertical at first, but curving 
and converging towards the left as they descend, the matrix 
being finally dropped upon a swift-running inclined belt, which 
lands it in its place in the line that is being formed. These 
14 
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matrices are not much more than an inch long, and are made of 
brass; while the spacers that come between the words are four 
or five inches long and are made of steel. The spacers are 
tapered sidewise, and when all the words or syllables are in the 
line and the length of the line is still not quite filled, these taper 
spacers are all advanced together until the line is of the required 
length, so that then all the spaces in the line are of the same 
width, and linotype work is thus, therefore, always more cor- 
rectly spaced or justified than hand work can ever be. This 
justification of the line is attended to automatically by the ma- 
chine after the operator has completed his work upon it. 

The machine has a constantly-running electric motor and 
also a pot of melted type metal, heated by gas and kept con- 
stantly at the proper temperature. When the operator has 
completed his line, and wants to go on with the next, his right 
hand brings down a lever which lifts the line of matrices and 
spaces about six inches and entirely out of his way. The same 
movement of the lever operates a clutch which sets in motion 
the main cam shaft, one revolution of which produces a com- 
plete cycle of the operations involved in casting and delivering 
the linotype and in redistributing the matrices and spacers. 

This cycle of operations goes on, after it is once started, en- 
tirely regardless of whether the operator goes on with his key- 
board manipulation or not. The line is first slid to the left and 
then it goes vertically down out of sight, and here the linotype 
is cast. The matrices, it will be remembered, contain on their 
bottom faces the molds for the formation of the faces of the type. 
The mold for the body of the linotype is a permanent part of the 
mysterious and invisible region where the casting goes on. I 
am, of course, only telling here what can be seen by a casual 
onlooker, and not one specially instructed in the details and in- 
tricacies of the mechanism. After disappearing for about five 
seconds, during which the casting has been done, the line of 
pieces rises into sight again, and is carried, say, six inches higher 
than on its previous lateral movement before descending. At this 
level it is slid to the right, a long arm comes down and hooks 
over the matrices, lifting them out by hooking over the tops of 
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them, which are wider than the spacers, and they are swung to 
the top and back of the machine and slid off to the right, to be 
dropped into their respective receptacles, ready for use again as 
soon as the touch of the key releases them. 

The distribution is accomplished by simply jogging the ma- 
trices along to the right, which is done by a constantly-running 
mechanism, the matrices being endowed with the power of each 
selecting its proper opening at which to drop. This is accom- 
plished by the differences in certain notches which are cut in the 
tops of the matrices, the combination being different for each 
letter or character employed. The spacers, which were left 
when the matrices were lifted out, are simply slid to the right, 
which leaves them all ready to successively drop down into the 
line when the space key is touched, and this is all the distribu- 
tion required forthe spacers. Before the completion of the cycle 
of operations the cast and finished linotype is delivered close to 
the operator’s hand. 

The time for the entire cycle of operation is only about ten 
seconds, and if the operator is working lively there may be only 
a second or two between the completion of one cycle and the 
beginning of the next. The cam shaft always comes to a stand- 
still at the completion of its rotation, and remains so until 
started again by the operator. The line of type which is being 
set up is always close to the free sight and touch of the oper- 
ator, so that he can see and know precisely what is going on, 
and he can insert or remove characters as he will, or make any 
corrections by hand as well as when setting common type. The 
machine is not to be run by a child or by one who can simply 
finger the keyboard, but for one fully accustomed to its ways 
it does marvelously correct and beautiful work, and a lot of it. 





FALLING SPEEDS FOR SHORT DISTANCES. 
[By Oberlin Smith.] 


Although the speed of falling bodies (disregarding air-resist- 
ance) is, of course, easily calculated by the ordinary formula, 


7.4 ; aa 
T= r% wherein 7 represents the time in seconds and /7 
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the height in feet through which the body will fall, it is some- 
times convenient to save one’s self the trouble of calculation and 
to refer to a table, hoping to find therein the particular values 
required. 

Such tables are not very common and, where found in books, 
usually refer to the number of feet through which the falling of 
a body takes place during the first, second, and perhaps each 
succeeding one. The writer, however, has never happened to 
see published a table giving the time of falling for motion ex- 
pressed in minute fractions of an inch. 

He has, therefore, modified the ordinary formula as follows: 


T= » wherein 7 equals the time in seconds and F the fall- 


ing height in inches. The table appended below may probably 
be of use to some of the readers of the “American Machinist,” 
as it has been to the writer. He has based it upon the formula 
and made it give the falling time in thousandths of a second 
for each one-hundredth of an inch up to .10 inch, thence by 


Time REQUIRED FOR A Bopy TO FALL (DISREGARDING AIR RESISTANCE). 











F T F > F > 
OI .007 ] 1.10 .075 10 .228 
.02 O10 1.20 | .079 II .239 
03 | 042 | 1.30 | 082 12 | 249 
04 O14 H 1.40 .085 | 15 -279 
05 O16 1.50 .088 18 305 
.06 018 i 1.60 .0gI i 21 ge 
.07 019 | 1.70 | .094 | 24 | 353 
.08 .020 i} 1.80 } .096 30 | -394 
.09 021 ! 1.90 .099 36 | 432 
.I0 023 i 2.00 .102 42 .466 
15 .028 2.25 .108 | 48 | .499 
.20 .032 | 2.50 | «14 H 60 | 887 
25 .036 2.75 119 | 72 611 
30 039 | 3-00 125 i 84 | .660 
-35 .042 | 3.50 | «135 | 96 | .705 
.40 045 } 4.00 -144 I 108 -748 
.45 .048 | 4.50 | +153 120 | 788 
.50 O51 5.00 161 132 827 
.60 .056 | 5.50 .169 144 864 
.70 .060 6.00 .176 156 .899 
80 .064 7.00 .1g0 i 168 933 
.gO .068 | 8.00 | -203 i 180 966 

1.00 | 072 l 


9.00 216 i 192 -997 
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twentieths of an inch up to .50 inch, thence by tenths of an inch 
up to 1 inch, and so on, by increasing the changing intervals, 
up to 192 inches, or 16 feet. At this point it will be noticed 
that the time is, as it should be, very nearly one second. 

The utility of a table of this kind, worked out so much in 
detail, will not be apparent to the astronomer or artillerist, but 
it has proved practically useful in determining the speed at 
which certain small members of quick-working machines tend 
to fall. This is especially the case in regard to the time in 
which certain pieces of work will fall after being delivered from 
the tools which operate upon them, when it is required that 
gravity shall act as a “ discourager of hesitancy” to make them 
get out of the way thereof, ready for the next operation in the 
machine. An example of this is shown in certain automatic 
presses and dies, where the pieces of work ejected from a die 
must be removed within a given time to clear the way for a 
succeeding piece. Sometimes gravity is found to be sufficiently 
rapid for this purpose. If it does, not prove so, then other 
means, as magnetic attraction, an air blast or a mechanical 
push-out, have to be provided. 

It might, perhaps, for some purposes, be necessary to amplify 
the table in question by making none of the steps between the 
figures greater than one inch, and continuing the small fractions 
further along from the beginning. The writer, however, has 
not, so far, found the need for anything of a more detailed 
character than the figures as given. Approximate intermediate 
distances can usually be guessed at with sufficient accuracy. 





COMPARATIVE COST OF RAILWAY TRACK IN 1898 AND 1899. 


The accompanying table is taken from a small pamphlet issued 
by Mr. Francis How, 11 William street, New York City. It 
shows the approximate cost of a mile of railway track in De- 
cember, 1898, and December, 1899. For rails and fastenings 
actual market prices have been taken; and figures representing 
average conditions have been assumed for ties and ballast. Rails 
are taken at $20 per ton in 1898 and $35 perton in 1899. Spikes 
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were $1.50 per 100-pound keg in 1898, and $3 in 1899. Com- 
parative prices on other items are: 


1898. 1899. 
RE I EE FON Noises entiinacenasesbes cadvedecetpnnverivacés $1.20 $2.75 
Be Be I Ne BO ive rscacecencesscnesveincsosssccooph<ss ences 1.70 4.00 
i Se rindcrnancecveciciinde sascraesnssccnencatompensbecesesses 20.00 30.00 
NG Ne GID ccreninnccctasdl scntsanksvennssasocscsusbsnuabereetassaece 8.00 10.00 
Me ins ciceisateewnattandshtcdstnncwtatendahetipvedssiacencacemponesassies 50 75 


For 56-pound rails, 28-pound splices are used, and this is in- 
creased to 40 pounds for 70-pound rails, and 45 pounds for go- 
pound rails. For the light rails 2,640 ties per mile are assumed, 
and 3,000 per mile for the heavier rails. 


APPROXIMATE CosT OF RAILROAD TRACK PER MILE IN DECEMBER, 1898, AND 
DECEMBER, 1899, EXCLUSIVE OF GRADING, CULVERTS, BRIDGES, ETC. 


Weight of rail. 


56 pounds. 70 pounds, go pounds. 


1898. 1899. 1898. 1899. 1898. 1899. 
ee $1,760.00 | $3,080.00 $2,200.00 $3,850.00 $2,828.00 $4,950.00 
BE itesncovess 90.00 180.00 99.00 198.00 99.00 198.00 
Angle plates..... 118.27 271.04 168.96 387.20 190.08 435.60 
Bolts, nuts, etc... 55-50 98.00 77.40 141.00 82.40 146.00 
yee | 1,320.00] 1,980.00) 1,500.00!) 2,250.00 1,500.00 2,250.00 
Track laying.... 500.00 575-00 600.00 690.00 600.00 690.00 
| ERS | 300,00} 360.00, 900.00 1,050.00 1,500.00 1,800.00 


: See $4,143.77 | $6,544.04 $5,545-36 | $8,566.20 $6,799.48 $10,469.60 


—“ Engineering News.” 


NAVAL REQUIREMENTS FOR AMERICAN-BUILT MERCHANT VESSELS. 


The Navy Department has arrived at an understanding with 
the William Cramp and Sons regarding the construction of mer- 
chant steamers at the works of that company, in order to have 
them comply with the intent of the Act of March 3, 1899. 

In case of sudden emergency, as has been recently demon- 
strated, the Government would be put to much expense and delay 
in the conversion into auxiliary cruisers of vessels not fulfilling 
these requirements. To avoid this seems to be the intention of 
the law, and the following general features will be embodied in 
the construction: 
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1. To have all fire mains and steam and exhaust pipes to steer- 
ing engine below the water line. Fire mains to be fitted with 
risers controlled by valves below water line, sufficient in number 
for each compartment. Steam and exhaust pipes for all auxil- 
iary machinery to be controlled by valves below water line. 

2. Efficient watertight subdivisions. 

3. All classes of vessels shall have efficient ballast and trim- 
ming tanks to compensate for omission of cargo and consumption 
of coal when used as men-of-war. 

4. All vessels of first and second classes shall be fitted with a 
complete double bottom with efficient subdivisions and means 
of flooding and draining same. 

5. All compartments and tanks shall be fitted with efficient 
pump connections. 

6. The boilers and engines, when possible, shall be placed be- 
low the water line and shall have efficient coal protection both 
at sides and fore and aft. 

7. Special consideration shall be given to the arrangement of 
decks, hatches and cargo spaces to facilitate location of battery 
and magazines. Efficient stiffening of structure shall be pro- 
vided for their proper and speedy installation. 

8. All vessels of the first class shall have the steering gear 
and rudder head below the water line. 

g. The water line referred to in these requirements is not to 
be considered the load water line of the merchant vessels, but 
the load water line of the vessel when used as an auxiliary 
cruiser. 


COALING SHIPS AT SEA. 


The problem of coaling ships at sea has been fairly satis- 
factorily solved by the Miller Coal Conveyor (an invention of 
Mr. Spencer Miller), recently tested aboard the Massachusetts in 
connection with the collier Marcellus. On December 2!Ist a 
smooth-water trial was conducted off New York Harbor, outside 
of Sandy Hook Light. In less than an hour and a half from 
the time the boat was lowered from the Massachusetts to convey 
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the towing line to the Marcellus everything was secured in 
position and delivery of coal begun. A speed of six knots was 
continued during this test, and an average of nearly 19 tons 
per hour delivered. As was natural to expect, a number of 
minor adjustments had to be made, owing to every one being 
unfamiliar with the handling of the apparatus, but on the whole 
the results were eminently satisfactory. 

On December 23d a test was made in what was termed “ mod- 
erate” weather. A wind characterized as “ moderate to stiff” 
was blowing, and the sea was such as to cause the ships to roll 
moderately. The attachment of the towing line and conveying 
lines was completed in about an hour and a half from the time 
the first boat was lowered, and it was made evident by the test 
that coaling could be carried on in any sea in which the towing 
line could be conveyed from one ship to the other in small 
boats safely. In fact, the experiments during this weather re- 
sulted in transferring an everage of 20.3 tons per hour, and on 
the same day varying the course of the ships so as to bring 
the sea abeam, and in other directions even a higher average 
was maintained for a short period, the ships at one time pitching 
considerably and rolling from 4 degrees starboard to 3 degrees 
port. When the sea was abeam the collier was rolling 5 degrees 
on either hand, the maximum roll observed being 7 degrees to 
starboard and 6 degrees to port. Under this latter condition a 
15-minute test resulted in a rate of 22 tons per hour. The speed 
of the ships during the last trial was about 5 knots. 

It will thus be seen that the particular direction of the sea 
relative to the ships did not materially alter the amount of coal 
possible to deliver. 

The suggestion was made that it might be a preferable arrange- 
ment to have the collier tow the ship to be coaled, as with all 
men-of-war it is preferable to have the coal delivered forward in- 
stead of aft, the arrangements generally being such as to expedite 
the removal from the delivery chute to the bunkers from the 
bows rather than from the stern. This, as yet, has not been ex- 
perimented with. 
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The apparatus was partially described in the November Jour- 
NAL, but a fuller description is here given at the risk of some repe- 
tition. 

It is proposed, with this device, to have the distance between 
ships about 300 feet; this method of securing boats at sea is 
recognized as being safe. 

The warship to receive the coal will erect a pair of shear poles 
on its deck, which, secured by guys, will support a sheave wheel 
and a chute to receive the load. 

The collier is provided with a specially-contrived engine 
located aft the foremast, having two winding drums. A steel 
cable ? inch in diameter, leads from the drum to the top of the 
foremast, over a sheave, thence to the sheave on the warship, 
back to another sheave on the top of the foremast, thence to the 
other drum. This engine gives a reciprocating motion to the 
conveying rope, paying out one part under tension; a carriage 
secured to one of the parts passes to and from the warship, its 
load clearing the water intervening. 

A carriage of special form is provided with wheels which roll 
on the lower part to the conveying cable, and grip slightly but 
sufficiently the upper part of the cable. This carriage will carry 
bags of coal 700 pounds to 1,000 pounds. The load is held by 
a hook pivoted at the bottom of the carriage, which hook is 
held by a latch. When the carriage comes in contact with the 
rubber buffer on the sheave block at the warship, this latch is 
pressed in, thereby releasing the hook and its load. Should the 
carriage strike heavily at either terminus, the upper part of the 
cable will slip through the grip and no damage will be done. 

As soon as the bags are dropped the direction of the rope is 
reversed and the carriage returned to the collier. During the 
transit of the load an elevator car descends to the deck of the 
collier, bags of coal placed thereon, suspended from a bale, and 
elevated again to the stops on the guides, so that when the car- 
riage has returned to the collier the pointed hook finds its way 
under the bale or hanger supporting the coal bags. The instant 
the load is hooked on the direction of the ropes is again reversed, 
the carriage takes its load from the elevator and transfers it 
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across the intervening space to the warship and drops it again 
into the chute. 

The engine for operating the conveyor is of peculiar construc- 
tion. It runs practically all the time in one direction, its speed 
being varied by the use of the throttle. The drum near the 
foremast is provided with friction mechanism, so that it is capa- 
ble of giving to the rope a tension anywhere from 1,000 pounds 
to 4,000 pounds. This drum is operated by a lever. The other 
drum is of special form, employing two dry metallic surfaces in 
contact. This drum is adjusted so that it will slip under any 
strain exceeding, say 3,000 pounds. It may be adjusted while 
the operation is going on, the tension being increased if the load 
sags too much and diminished if the deflection is unnecessarily 
small. The forward drum will be referred to hereafter as the 
4,000-pound drum, and the other as the 3,000-pound drum. 

When the engine is running, the tendency of both drums is 
to draw both parts in, one to the extent of 4,000 pounds and 
the other 3,000 pounds. The effect, therefore, is for the 4,000- 
pound drum to prevail and overhaul the 3,000-pound resistance, 
and it is this resistance that sustains the load in its transit be- 
tween the two boats. Through the co-operation of the two 
drums, the conveying distance between the two boats is com- 
pensated for and a practically uniform tension sustained dur- 
ing the transit of the load. If the points of support on the 
two ships approach each other (during the transit of the load), 
the effect will be that the drum pulling 4,000 pounds will take 
up the slack so produced, and the 3,000-pound drum will tem- 
porarily cease slipping, or at least the slip will be reduced. If, 
now, the boats pull apart, the 3,000-pound drum will simply 
slip the faster. All that is necessary, therefore, in the operation 
of this machine is to see to it that the speed of transit is in 
excess of double the speed at which the two boats come together. 

After the load is dumped at the warship the operator of the 
engine releases the friction lever on the 4,000-pound drum, thus 
reducing the tension on the lower part to some point consider- 
ably below 3,000 pounds, whereupon the 3,000-pound drum acts 
to haul in rope, and thus returns the carriage to the collier. 
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The speed of conveying is about 1,000 per minute, conse- 
quently the load will be taken from the collier and deposited in 
the warship in about 20 seconds. 

Attention is called to the fact that the total tension on these 
‘two parts of rope will never exceed, say 8,000 pounds; further- 
more, should the ships pull away from each other and the tow- 
line part, the only effect will be to unwind the rope frome one of 
the drums, its end falling into the water, whereupon the other 
drum will wind in the other end of the rope and recover the car- 
riage attached thereto. The drum used for operating the con- 
veyor serves to wind up and store the cable when the collier is 
not coaling at sea. 

An auxiliary rope known as the “ sea-anchor line” is stretched 
above the two parts of the conveyor line and under a pulley 
on the carriage. This rope is attached by a “knock-off hook” 
to the superstructure of the warship, and rests in a “ saddle” on 
the shear head; thence it leads through the carriage, over, 
pulleys at the head of the foremast and mainmast of the collier 
and on astern several hundred feet to the sea. On the end of 
this rope a drag or “sea anchor” is attached, made of canvas in 
the form of acone. This sea anchor is selected in reference to 
the speed with which the ships are to travel. In a smooth- 
water test, speeding at six knots, a drag 7 feet in diameter at the 
base was used. During the rough-weather trial the same anchor 
semed to give the required tension at five knots. 

This line is to support the carriage when empty, on its return 
to the collier. It permits the conveyor line to be slack and 
prevents the overturning or twisting of the carriage. Doubtless 
at times it helps also to support the load in transit across, but 
photographic views, taken during the passage of the load, show 
the sea-anchor line slack, thus demonstrating that the tension 
device on the conveyor line is sufficient to sustain the load at a 
sufficient elevation during its transit. 


LIMITATIONS OF THERMODYNAMICS. 


An important paper has recently been issued from the press 
of Dunod asa reprint from the “ Revue de Mécanique,” in which 
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M. Georges Duchesne presents the results of a very extensive 
experimental study of the thermal and thermodynamic processes 
in operation in the steam engine, and especially during the 
period of emission, which has been the most difficult of investi- 
gation and the most obscure of all the elements of the vapor- 
engine cycle. 

With a vapor engine in steady operation the observation of 
the amount of liquid passing through the system in the unit of 
time gives the measure of the quantity taken into the working 
cylinder at each stroke of its piston, and this, with the determi- 
nation of “quality” by the “ calorimeter,” and automatic regis- 
tration of volumes and pressures by the “indicator” of Watt, 
permits the exact apportionment of energies and the physical 
condition of the fluid to be determined from the instant of 
closure of the induction valve to its opening at the commence- 
ment of exhaust. The delineation of the “ saturation curve” on 
the indicator diagram, for the quantity of fluid known to have 
entered the cylinder gives the measure of contemporaneous vol- 
umes of the corresponding quantity of “dry and saturated” 
vapor, which serves as the unit of the scale measurements of the 
relative volumes, and weights of liquid and vapor in the mixture 
constituting the working fluid, or the extent of superheating, if 
at any point superheated. From the instant of commencement 
of emission, however, no measure is obtainable of these quanti- 
ties and the problem becomes incapable of solution by ordinary 
observation. 

Donkin has sought the solution of this particular question of 
the state of the vapor in the period of emission and that of com- 
pression by the use of his “ revealer,” by means of which the 
fluid is sampled and tested as to quality, and Professor Carpenter, 
in the laboratories of Sibley College, has sought the same end 
by the use of the now familiar “steam calorimeter,” taking off 
samples of the steam automatically at certain points in the por- 
tion of the cycle to be investigated. Donkin concluded that the 
vapor in the exhaust period was wet; Hirn, Carpenter and others, 
including Dwelshauvers-Déry, have found it dry. M. Duchesne 
revises the work of Donkin, particularly, and concludes that, con- 
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trary to the deduction of the investigator himself, the research 
indicates that the vapor is dry and saturated during the period 
of emission. He decides that the results of those experiments 
furnish “ proof of the complete dryness of the surface at the end 
of emission.” If dry at this point, they will presumably con- 
tinue dry, up to the beginning of the period of compression, 
and then, mechanical compression alone affecting the fluid, 
superheating should occur. This was the conclusion of the 
writer long before the apparatus and method of recent research 
was ready to give its testimony in the case, as respects eco- 
nomically-operated engines; but the contrary as regards un- 
economical engines, in which the working fluid, after entering 
the cylinder, is very wet. Willans based upon the same con- 
viction the details of design in his engine insuring that the 
moisture deposited upon the cylinder walls should be swept off 
as thoroughly as possible by the current of the working fluid. 
M. Duchesne finds confirmation of these anticipations in the 
work of Hirn, of Delafond and of Dwelshauvers-Déry, the 
latter affording him very conclusive evidence, which he reviews 
at length. 

The conclusions reached are the following in substance: 

(1) When, in the engine cylinder, the vapor is saturated and 
the walls humid, the vapor and the water on the surface of the 
metal assume almost instantaneously the same temperature. 

(2) If the surface is dry it may take a temperature superior to 
that of the fluid. 

It is to be remembered that the nearer the working fluid to the 
state of saturation the more readily does it surrender heat. 

In the indicator diagram it is often observed that there exists 
a point of inflexion at the summit of the compression curve. 
This has been by earlier authorities generally ascribed to leak- 
age past the piston on attaining a certain limiting pressure at 
which the piston rings yield. Later observers have suspected, 
and the writer has long believed, that this peculiar inflexion may 
mark a point at which the surrender of heat of compression to 
the metal of the cylinder wall occurs so rapidly, as a consequence 
of the increasing temperature head, as to cause more rapid con- 
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densation than can be counteracted in its effect upon pressure 
by the constantly diminishing rate of compression. This phe- 
nomenon in such case is an indication, if not a measure, of the 
heat exchange thus taking place. M. Duchesne finds confirma- 
tion, in his own experiments, of this latter idea, and of the 
propositions which he has advanced, as well as of the accuracy 
of the work of M. Dwelshauvers-Déry. — R. H. Thurston in 
“ Science.” 





MISCELLANEOUS. 


Rapip COALING ON THE /OW4.—On December 11, 1899, the 
Towa was coaled at San Francisco in a remarkably short time. 
Coal was delivered from lighters alongside, and “all hands” on 
board ship lent simultaneously their efforts to receive and stow 
it. The work was carried on by the several divisions with a 
cheerful rivalry which resulted in stowing 1,004 tons in 11 hours 
and 25 minutes. For three hours of this time the rate was 131} 
tons per hour. 


Tue New Kaiser Dry Dock at Bremerhaven, is the first Ger- 
man dry dock built entirely of stone, and is not only the largest dry 
dock in Germany, but one of the largest in the world. It is 722 
feet in length, 90} feet in breadth and 31 feet deep. The clos- 
ing of this dock is accomplished by means of a lifting pontoon, 
which can be removed from the outer end of the dock to a point 
some distance inside, when it is desired to dock a small vessel. 
The dock can be emptied in from 2 to 2} hours. On either side 
of the dock are two cranes of 50 tons capacity, and at the south- 
east corner is a crane with a lifting capacity of 150 tons.—* The 
Engineer.” 



















Enp PREssSURE ON DriLits.—The “American Machinist” re- 
prints some interesting figures obtained some years since by 
Professor Breckenridge which show the end pressure on twist 
drills, when working in moderately hard cast steel. The drilling- 
machine table was supported on the ram ofa hydraulic press, and 
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a steam-engine indicator was used to record the pressure on the 
latter. It was found that the pressure needed was highest at 
the start, and diminished when the drill had fairly entered the 
metal. The following observations were made: 


Diameter of drill, | Maximum pressure Maximum pressure while 
inches. at starting. drilling, full diameter. 
} 400 pounds. 350 poundsto 400 pounds. 
A goo “ Soo “ goo “ 
3 1,100 “ 800 “ goo “ 
I 1,450 “ | 1,000 “ Lite. « 
1} 1,800 * | 1,000 ad itso © 


It would seem that the outer portions of the drill tend to feed 
the latter in, the end pressure needed being due entirely to the 
resistance of the more central portions of the drill. 


Hicu Exptosives.—Some experiments were carried out on 
the 4th of December last, at Crayforness, by the New Explosives 
Company, Limited, of Stowmarket, for and on behalf of the Sims- 
Dudley Defence Company of New York, the inventors and pro- 
prietors of the dynamite field gun, the object being to ascertain 
the relative merits of (a) explosive gelatine as hitherto employed 
as the bursting charge for the shell of this gun, and (4) high- 
density gun cotton, as recommended by the Stowmarket Com- 
pany as a safer and more effective explosive. The experiments 
resulted entirely in favor of wet gun cotton having a dry gun- 
cotton primer, the fragmentation of the shell, and the craters made 
in the ground following the explosion, comparing more than 
favorably with the effects produced by the explosive gelatine 
charge.—“ Engineering.” 


A MEGAPHONE WITH A SIREN WHISTLE is being experimented 
with by the United States Lighthouse Board at the Falkner’s 
Island lighthouse station. This megaphone is 17 feet long and 
7 feet in diameter at the mouth, and stands upon a circular 
platform 28 feet in diameter, upon which it revolves. When 
the tube is due north of any vessel the ship will hear the north 
signal—a short, a long and a short blast. If it is due west of a 
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ship the vessel will hear three short blasts, and so on, with a 
different combination of long and short blasts for each of the 
eight points of the compass. The signals are fifteen seconds 
apart and the apparatus makes a complete revolution in two 
minutes. All the sounds indicating the various directions are 
regularly classified, the western being longer than the eastern 
signals, and those indicating south being shorter than those for 
signaling north. Recent experiments in sea signaling, it is 
stated, have proved that it is possible to confine a sound even 
so powerful as that of a siren, and to project it into space ina 
given direction, with the same certainty and accuracy that the 
rays of a searchlight can be projected. On the other hand, 
sounds sent at an angle of 45 degrees may be absolutely inau- 
dible at all distances beyond a mile, and even at half a mile the 
closest attention may be required to hear them at all. Direct 
rays of sound properly focused, as they are in a powerful mega- 
phone, can be heard at a distance of eight or ten miles.—“ En- 
gineering News.” 


Fire-ProoFinc Woop For SHips.—The wood which is to be 
treated is loaded upon small trucks until it conforms approxi- 
mately to the curve and diameter of the cylinders, care being taken 
to observe a somewhat uniform spacing, in order to allow a free 
circulation for the chemical solution with which the wood is to 
be treated. The timber is then secured to the trucks by iron 
bands and the trucks are wheeled into the cylinders and clamped 
down securely to the track. The end doors are then packed 
with a rubber gasket, swung to, and securely clamped. Steam 
is now admitted at a pressure of 10 pounds, and the whole charge 
is submitted to a steam bath, which penetrates the wood, soften- 
ing and loosening the dried juices which have remained in its 
fiber. The length of time depends both upon the variety of the 
wood and its thickness, and it may be anywhere from one to 
fifty hours. After the steaming process is complete, a powerful 
vacuum pump is applied for a period of from three to fifteen hours, 
the vacuum as recorded by the gage being from 273 to 28 inches, 
The immediate effect of the vacuum is to draw out of the cellu- 
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lar structure of the wood all of the saps, juices, etc., and leave it 
in a condition which might be described as that of an extremely 
finely divided honeycomb. When the vacuum treatment is com- 
plete, an alkaline solution is allowed to flow into the cylinders, 
great care being taken to prevent the entrance of any air. As 
the solution rises in the cylinders it is absorbed by the cavities 
of the wood until the latter is nearly saturated. To assist the 
absorption, the pressure pump is started and the pressure is raised 
to 200 pounds, the pumping being maintained as long as there 
are any indications that the wood is absorbing the solution. 
The surplus is then pumped back from the cylinders to the 
storage tank, the doors are opened, and the wood is run out 
again to be stacked in the air for drying, or, if so desired, it is run 
directly into a drying kiln. In drying, the water evaporates and 
leaves all the inner walls of the cells covered with minute crys- 
tals of fire-proofing salts. 

This completes the process, and the treated wood is to all 
appearances the same as before it went through the operation. 
It contains all of its original properties, except that by with- 
drawing all that remained of the juices the wood has been 
relieved of that portion of it that would tend to set up fermenta- 
tion. Hence, incidentally, the treatment is a preservative one, 
for it substitutes an antiseptic in place of material which is the 
direct cause of dry rot. The treatment also has the advantage 
that the wood has been so thoroughly filled that when it comes 
to be painted very much less oil is required than would be 
necessary in the case of untreated wood. Moreover, the fire- 
proofed material is susceptible of a much higher polish, even in 
the case of such soft woods as white pine and poplar. 

Extensive tests of the treated timber have shown that the 
strength of the wood is slightly increased in some varieties and 
slightly decreased in others, the average decrease of strength 
in all the varieties of timber that have been treated and tested 
being not over 5 per cent. Such a heavy impregnation with 
salts necessarily adds to the weight of timber, the increase being 
from 5 to 15 per cent., according to the variety that is under 
treatment. 
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The average citizen coming into possession of a piece of fire- 
proofed wood would be disappointed at first. He would put it 
in contact with flame, and would expect that it would show no 
more effect of the heat than a stone. As a matter of fact, the 
fireproof wood will char, and if you take a thin shaving of it and 
subject it to flame you find it will glow so long as the flame is 
kept applied. Withdraw the flame, and the glow at once disap- 
pears. This means that if you want to burn up a piece of the 
fireproof wood you must keep the flame constantly applied, 
allowing the charred surface to fall away, when the flame will 
make a new charred surface. This is the only way you can burn 
the fireproof wood made at a Newark plant. The heat does not 
penetrate the wood. The heat, in other words, is not cumula- 
tive. For instance, if you dropped a pan of red hot coals on a 
fireproof floor, and then went away and left them there, the coals 
would simply eat a hole through the floor and leave a charred 
rim around the hole. Ifthe floor was of considerable thickness 
it is certain the coals would die out before the floor was eaten 
through.—“ Marine Review.” 


East RIVER BRIDGE CaBLEs.—Specifications have been issued 
for the cables required for the great suspension bridge over the 
East River, New York. There will be four cables, each consist- 
ing of 37 strands of No. 8 steel wire, each strand to contain 281 
wires laid straight. In building, each strand will be held to- 
gether by temporary bands of wire, which will afterward be 
removed, and the whole set clamped into one cylindrical cable 
by steel bands, to which the suspenders will be attached. To 
protect the cable from wet, and consequent corrosion, it will 
be covered between the suspension pieces by thin steel plating. 
The steel to be used is an open-hearth steel, having not more 
than 0.03 per cent. of sulphur nor more than 0.04 per cent. of 
phosphorus, and the wires, after drawing, are to show a tensile 
strength of not less than 200,000 pounds per square inch, with 
an elongation of 5 per cent. in 8 inches, and the wires must be 
capable of coiling cold round a rod of their own diameter. The 
wire is to be in lengths of not less than 4,000 feet.—“ Engineering.” 
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WasTE GASES FROM COKE Ovens.—An interesting experiment 
is now being tried at Boston, Massachusetts, where a company 
are establishing coke ovens with the intention of distributing 
the waste gases for lighting and fuel purposes. About 400 ovens 
have now been erected, but the plant is finally intended to in- 
clude 800 more, or 1,200 in all. These ovens are of the Otto- 
Hoffman type, and have a capacity of 6 tons of coal each. It is 
further intended to collect and utilize the by-products; and by 
some means, not yet disclosed, the poorer gases given off during 
the distillation are to be separated from the richer. The former 
will be largely utilized at the works, whilst the richer are to be 
distributed to the city. 


New STEEL Founpry.—A steel foundry is the latest venture 
of the Westinghouse Company. The works are to be situated 
at East Pittsburg, and will cost more than $1,000,000. The 
Westinghouse companies will thus still further diminish their 
dependence on outside firms. Both open-hearth castings and 
ingots are to made, the latter being intended for forgings. Ham- 
mers and forging presses capable of turning out 20-ton forgings 
are to be laid down. 


JAPANESE SHIPBUILDING.—A Japanese shipbuilding firm has 
just turned out a 12,000-ton steel twin-screw steamer, the Awa 
Maru, which, according to United States Consul Harris,at Naga- 
saki, who reports the fact to the State Department, is equal in 
every respect, including cabin accommodations, to the best class 
of Atlantic steamships. Material has been ordered for two other 
steamers of the same kind for the same line, and two are under 
construction for another line. The shipbuilding industry in 
Japan appears to be flourishing, with every likelihood of it con- 
tinuing so. Marine Record.” 


Coo.LinGc ROLLED Bars.—lIn certain of the newer American 
rolling mills the bars are rolled in lengths of 300 feet and 
allowed to cool on a special cooling bed which keeps them 
straight. The great length of the bars renders very evident 
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certain peculiarities in their contraction when cooling, the total 
movement being between three inches and four inches. It is 
noted that when first placed on the bed contraction proceeds 
rapidly, then checks, and finally ceases. The bar then expands 
again, probably during recalescence, after which contraction 
proceeds uniformly till the metal is cold.—“ Engineering.” 


PorRTLAND CEMENT TEsts.—The following regulations govern- 
ing the acceptance of Portland cement are in use in Holland. 
The cement must not leave more than I0 per cent. on a seive of 
goo meshes per square centimeter (5,800 per square inch). Set- 
ting, which should take at least two hours, is tested by filling an 
ebonite ring 40 centimeters (1.57 inches) high with the mortar to 
be tested. A needle of 1 square millimeter in section, loaded 
with 309 grammes is applied to the mortar, and the setting ts 
held to commence when this rod fails to penetrate to the bottom 
of the mortar, and to finish when it fails to indent the surface. 
The test for constancy of volume is performed by placing a cake 
of cement on glass and protecting it from drying for 24 hours. 
This cake should not crack or change shape even after prolonged 
storage. The tensile tests are made on blocks of at least 5 
square centimeters (.775 square inch) section, and the speci- 
mens are prepared with I part by weight of cement, I part by 
weight of normal sand, and 0.3—0.4 parts of water. After storage 
for 24 hours after making in moist air, followed by 27 days in 
water, these specimens should show a tensile strength of at least 
227 pounds per square inch. Compression tests made from the 
same mixture, the blocks being 2-inch cubes, should fail at a 
load equal to not less than 2,275 pounds per square inch. If 
seven-day tests are used, the tensile strength should be 142 
pounds, and the crushing load 1,422 pounds per square inch. 
Specimens of neat cement are required to show a tensile strength 
in a seven-day test of 355 pounds per square inch, and in a 28- 
day test a strength of 498 pounds per square inch.—“ Engineer- 
ing.” 

TUNGSTEN AND MoLyBDENUM STEELS.—The following commu- 
nication, by Mr. R. Helmhacker, in a late issue of the “ Engi- 
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neering and Mining Journal,” relative to the peculiarities of 
tungsten and molybdenum steels, is interesting: 

Steel alloyed with a small proportion of tungsten has been 
used for some years in the manufacture of tools and other arti- 
cles requiring a hard and tough metal. Some years ago:Prof. 
V. Leepin, of St. Petersburg, Russia, suggested that molyb- 
denum might be used for the same purpose, as it strongly 
resembles tungsten in its properties. After some discussion he 
succeeded in having molybdenum-steel made at the Pubilov 
Iron Works, and carried on a number of tests, the results of 
which were published in the Russian “ Mining Journal” for 1897. 
In making these tests great pains were taken to have the steel, 
both tungsten and molybdenum, made under the same condi- 
tions. Both steels were made in Siemens regenerative furnaces 
from a charge consisting for the molybdenum-steel of 20.6 kilo- 
grams of basic open-hearth steel, 2 kilograms Swedish charcoal 
pig iron, 2.3 kilograms Swedish charcoal blooms, 0.1 kilogram 
ferro-silicon and 1 kilogram molybdenum in a metallic form, 
but combined with a small quantity of carbon. For the tung- 
sten-steel the charge consisted of 16 kilograms basic open- 
hearth steel, 3.7 kilograms Swedish pig iron, 2.9 kilograms 
Swedish charcoal blooms, 0.1 kilograms ferro-silicon and 1.8 
kilograms ferro-tungsten having 48 per cent. tungsten. Both 
steels were cast into ingots, which were afterwards rolled into 
rods of a suitable size for the testing machine. By analysis the 
percentage of tungsten was found to be 3.8, and that of molyb- 
denum 3.7. 

The experiment showed that the molybdenum-steel is some- 
what softer than the tungsten-steel. Oil tempering and high 
heating after hardening increased the limit of elasticity in the 
molybdenum-steel. Common tempering in oil has a greater 
influence on the tungsten-steel than on the molybdenum, but, 
on the other hand, the molybdenum-steel was stronger than the 
tungsten after heating and hardening in water. Tungsten-steel 
was more apt to split than the other when worked, and broke 
sooner when bent cold. 

In many respects the properties of the two kinds of steel 
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were very similar, but the molybdenum-steel seems to stand 
forging and hardening better, showing that in some cases it 
may furnish a better metal than the tungsten-steel. 

We have heretofore referred to the use of molybdenum, tung- 
sten and some other of the rarer metals in the processes for 
making armor plate at the Krupp works in Germany and the 
Creusot works in France. At both these establishments the 
alloys used are kept secret, but it is probable that a mixture of 
several of the rarer metals is used, including both tungsten and 
molybdenum. 


ELECTRICITY ON BoARD Suip.—The constant increase of the 
use of electricity on board ship is very clearly shown in the 
following table, taken from the report of the Bureau of Equip- 
ment: 


Name of ship. Kilowatts. | Horsepower. 
i swe so ew ke 96.5 
Massachusetts, . ..... 72 96.5 
i. <e 6 we. 4. ae ke 96.5 
se ee a ew a oe 115 
OO eee 480 
> 6 6 ee +... oe 480 
c a aa a 343 
3 a. <b ek 343 
(Pee era oO 343 
> + «s+ «2 ee ee 454.5 
ee en ek ek: 454-5 
«ee ek en eo 454.5 


THE Stupy or Fuets sy X-Rays.—Although the earliest 
practical applications of Professor Roentgen’s discovery were in 
the domain of surgery, other uses outside of the physical labo- 
ratory are gradually being developed. 

Among these is the application of radiography to the exami- 
nation of coals, and from an article by Herr F. Kotte in “ Stahl 
und Eisen” the following abstract is made : 

It is well known that the rays do not pass through all materials 
with equal facility, and that there are some substances which 
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offer a marked opacity to them. Both wood and crystallized 
carbon in the form of diamond, are practically transparent to the 
X-rays, and, as might be expected, the various forms of carbon- 
ized wood are also readily traversed. When, in addition it is 
understood that the usual impurities in coal, such as slate and 
pyrites, are practically opaque to the rays, it will be seen that 
radiography offers a means of detecting the non-combustible in 
a piece of coal without necessity of the destruction of the speci- 
men. 

Herr Kotte refers to the earliest researches in this line of in- 
vestigation by Dr. Thorner in 1897, but the latest work in this 
line has been done by Professor Couriot at the Ecole Centrale, 
in Paris, and the radiographs made by the latter of specimens of 
peat, lignite and various kinds of soft and hard coal show very 
clearly the manner in which the presence of slate and other im- 
purities can be determined. 

Examinations of pieces in the lump can only be of a quali- 
tative character, but a method devised by the author and by Dr. 
Aulich enables quantitative results to be obtained. For this 
purpose the sample must be ground to powder and a layer of 
standard thickness examined by X-rays in comparison with a 
standard scale of comparison. The degree of opacity may then 
be made a measure of the impurity, and while the exact nature 
of the impurity cannot be obtained, the percentage of noncom- 
bustible can be measured with some degree of accuracy, although 
the method can only be regarded as an approximate one at the 
present time. 

Herr Kotte’s paper is accompanied with excellent reproduc- 
tions of radiographs of various specimens, and further study in 
the application of the method may result in a greater degree of 
precision in its use. 


DIFFICULTIES IN FLOATING THE P4xR/S—Additional details 
which are gradually made public regarding the work of floating 
the American liner Paris, off the Manacles on the coast of Corn- 
wall, serve to emphasize the difficulty of the undertaking which 
was successfully carried out by the Nordische Bergungs-Verein, 
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of Hamburg, after leading English firms had abandoned the 
task. The Paris went ashore May 2tst, and the three large 
wrecking boats of the German corporation did not make their 
appearance at the scene until June 7th. Just thirty-three days 
were consumed in the patching, blasting and pumping necessary 
for the removal of the rocks which held the vessel. The Ger- 
man divers first made a survey of the vessel’s bottom and found 
that great pinnacles of granite had penetrated her outer shell 
about midships, under the first and second boiler rooms and 
No. 5 hold. She rested, as it were, upon a great pivot. The 
work of the divers was seriously impeded by seaweed as thick 
as jungle grass and Io feet high, and the removal of this was the 
first task undertaken. Later it was towed to a point where the 
tide caught it and carried it out. 

The Germans early decided to abandon the idea of the English 
wreckers, which had been to lift the vessel off the rocks by 
means of pontoons and bags inflated with air and placed under 
the keel. Instead they adopted the plan of blasting away the 
teeth of granite which held the liner. Before this could be un- 
dertaken, however, it was necessary to do an immense amount 
of patching from the bow aft to the midship section, and the 
steamer’s bow was lifted out of the water by adding weight to 
her stern and filling her after compartments with water. Only 
small blasts were used for fear of injuring the steamer, but in all 
more than 15,000 cubic feet of rock were removed, and it was, 
moreover, all done under water. As the boulders were torn up, 
hawsers were made fast to them by the divers and the wrecking 
steamers dragged them out of the way. 

The greatest difficulty which the salvers experienced was 
when, after a month of work, they were finally ready to blast 
away the last pillar of granite which held the Paris. It was 
discovered that the pumps on the stranded steamer had lost 
suction and would not lower the water in her hold beyond 20 
feet, whereas she had been filled flush to her depth of 50 feet in 
order to raise her bow. Thereupon it was necessary to resort 
to the especially powerful pumps of the Berthilde, one of the 
wrecking steamers. Holes were cut in the decks and sides of 
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the Faris, and the Berthilde lay alongside and sucked the water 
ballast out at the rate of 4,500 tons an hour. As the steamer 
righted the weight of the water rushing aft tore out some of the 
compartments, and the engine rooms were inundated and the 
furnaces submerged. Portable pumps and boilers then had to 
be placed on board to work independently of the vessel’s own 
power. 

Hardly had the Paris been righted and her engine rooms 
pumped out, when a gale sprang up which opened her seams 
and allowed her to again fill. To steady her during the storm 
and keep her from being driven farther on the rocks, anchors 
were carried out from the bow and stern and both sides and the 
chain of the anchors kept taut by steam winches on the vessel’s 
deck. When the gale subsided, the Paris had to be pumped 
out again and some more patching done. The patches utilized 
were formed of shields of wood fitted over the breaks and padded 
around with canvas and rubber. Some of these shields were as 
large as the door of a house, but the actual holes in the Paris 
were not so large as might be imagined, the largest being only 
about four feet square. Plates had been strained and rivets 
started all along her bottom, however. The actual floating 
of the vessel was accomplished by setting in motion the steam 
winches connected with the chains of the stern anchors, while 
the three wrecking steamers united simultaneously in a long, 
steady pull.—“ Marine Review.” 
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UNITED STATES. 


New Ships.—Recommendations of the Secretary of the Navy, 
in his last annual report as to new ships, were as follows: First, 
three armored cruisers of about 13,000 tons trial displacement, 
of a maximum draught at deep-water load not to exceed 26 feet, 
carrying the heaviest armor and most powerful ordnance for 
vessels of their class, to be sheathed and coppered and to have 
the highest practicable speed and great radius of action; second, 
twelve gunboats of about goo tons displacement, to be sheathed 
and coppered; and third, as recommended a year ago, three 
protected cruisers of about 8,000 tons trial displacement, carry- 
ing the most powerful ordnance for vessels of their class, to be 
sheathed and coppered, and to have the highest practicable 
speed and great radius of action. It is also recommended that 
if any of the foregoing vessels are authorized, the law should 
provide that in case satisfactory bids can not be obtained for 
their construction by contract, the Department shall have au- 
thority to construct the same in the Navy Yards. In support of 
this proposed further increase of ships the Secretary presents 
the following tables as showing what other great powers are 
doing, and from which it appears that only Italy and Japan laid 
down less tonnage than this country during 1899, and that Italy 
alone has less tonnage under construction: 


Laip Down In 1899. 





| 
Cruisers. Torpedo Total. 





Nation. | Battleships. 








tons. / | tons. tons. toms. 
NNN is cis snenccnbapisenamerasses 116,000 | 127,700 | 4,200 | 247,900 
| EES eee ae | 25,456 | 113,943 | 4,800 144,199 
SN vcanisentdssstiotdanciensene | 44,324 | 





Feeeeeecseeeeseeeseseseseseseseees| Fey ~— —— aeseee 
Seeeeeeeeeeeseseseseseesses 8%) | seseee | | eeeeee §§|  eeeeee | se00ee 
ORR Ree eee re te eeeeeesseeeeees 


eect 12,940 | Leal | salsa | 154,101 













*All vessels called for by Japan’s first building programme are either completed or under way. 
t+ In November, 1899, bids were received for six protected cruisers of 3,200 tons. 
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TOTAL NOW UNDER CONSTRUCTION. 


Nation. Battleships. Cruisers. Torpedo Total. 
vessels, 
tons. tons. tons. tons. 

Ne iiesccincssiacrtadeveecsens 251,700 267,080 *12,900 531,680 
REET SP e SiR one Sa 80,281 166,283 8,969 255,533 
CII ys eons cccconcnnaccnebcones 99;729 41,851 6,655 148,235 
EEL ETAT: 78,454 38,901 3,185 120,540 
WS. aca cas goncsovcevoyeestecrach 59,700 63,280 | 7,133 130,113 
NN Seite ceekinc ecccrarcets 115,713 92,697 | 16,566 222,976 
RO NS oc ccndtccarnonnenenes 94,715 4,935 TOMER [EF cccces 


Monitors............ a ee eee es eee 123,236 











*Approximate. 


Georgia Class.—The three battleships authorized by Act of 
March 3, 1899, will be named Georgia, New Jersey and Pennsyl- 
vania. 

But little actual progress has been made on the designs of 
these vessels owing tothe restriction contained in the act fordid- 
ding contract being made for their hulls until contracts had been 
made for the armor ata price not exceeding $300 per ton. The 
principal features of the designs, however, have been agreed 
upon by the Board of Construction, and these contemplate a dis- 
placement of about 14,000 tons, and a speed of not less than 19 
knots per hour, while a large radius of action is provided for by 
a bunker capacity of 2,000 tons of coal. 

The armament of these ships as proposed will include two 
turrets of the double or super-imposed type, now believed to be 
of undoubted superiority to the single type. These turrets will 
be located one forward and the other aft, and will contain two 
12-inch guns in each lower turret, and two 8-inch guns in each 
upper turret, all ofthe latest design and contemplating the use 
of smokeless powder. 

Besides these guns, the main battery will consist of twelve 6- 
inch, rapid-fire guns in broadside. 

The question of sheathing is still under discussion, or at least 
not finally adopted. 

Owing to the fact that the Chief Naval Constructor has not as 
yet made sufficient progress with the actual plans to determine 
the proper arrangement of the weights, the precise distribution 
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of the armor has not been decided. As the weight of the armor 
for these ships was a very large item, the adoption of the question 
of the Krupp or the Harveyized material was extremely im- 
portant. The adoption of the material treated by the Krupp 
process means that 1,000 tons of weight will be available for 
distribution among other vital characteristics of the ships. 

It is estimated that the total cost of the new vessels when ready 
for sea will be about $7,000,000 each. They will cruise 7,000 
miles straightaway, and there will not be three ships of similar 
fighting power in any navy in the world. 

New Armored Cruisers.—The three armored cruisers au- 
thorized by the act of March 3, 1899, will be named the Ca/i- 
fornia, Nebraska and West Virginia. They are to be of about 
12,000-tons trial displacement, and will be probably the most 
powerful vessels of their class afloat. 

No details have yet been completed regarding these vessels, 
progress being delayed by the armor limitation of the act, as in 
the case of the battleships. 

U. S. S. Kearsarge.—This new battleship was placed in com- 
mission on Tuesday, February 20, 1900, at the works of the 
builders, the Newport News Ship and Dry Dock Company. 

_ U.S. 8S. Albany.—The contract trials of the machinery of 
this vessel, building at the works of R. & W. Harthorne, Leslie 
& Co., Newcastle on Tyne, England, took place during January, 
1900, and were satisfactory in every respect. 

The first trial was the four runs on the measured mile at max- 
imum speed called for by the contract of 20 knots, and took 
place on January gth, off the mouth of the Tyne. The mean 
results of the performance of the machinery during these runs 
were as follows: 


Peer eee I Ieee retiree eri retire tier er) 
eee ePR CI COOO TOSCO er ered 
RRR e Ree EERE EE CHEE HEHEHE EEE EEE E TEESE EEE EOEESE SEES ESE SEES EEE ESTED 
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WN I Fi ro isdeciesnccnsoccererancnaccassncsuscnthscncnpeemseaepeedbetsasiom 


I WII csaicinisnssakcaeseocsaseoancensdunevunenassanadeaadmainaan 27 
NI Maia Sov ccstanidcacessocwavnceveenisieaenentacccsapteamvanivieuael 164 
lands ves ceecsentscecestccnaemerenbavusenorientncasdeuss- aebeonneaia 158.8 
Bel, CE BOE BO vvitcnaccacitsvavvccncseistssxsjscxdsescsasainccinngtbeianidavinbetait 20.51 
ECU QIOOI, FOI oss cnet cndcecsccacvesisercosaseusssnserctecianteaieseasenens 3,446 


The speed maintained on these trials was thus 0.51 of a knot 
in excess of that called for in the contract. 


The required six-hour trial was made on January I1, 1900, 
beginning at 10:05 A. M. and ending at 4:05 P. M. The follow- 
ing are the mean results of the performance of the machinery 
during this trial : 


SE INE FE A I isiiic vcs ccctecsn ceccesesiossyipacsivaveaewsasmadate 148.5 
Air pressure in fire rooms, inches,.............0.0+ is doeabenrseamnaniecenrenedesaeioe 235 
Rewotaticns oF Git Gre Pest MWC oo ccscceeccccccisesiccscesevivesioccosceenscns 174 
OS GE I, WE i naice Seiccisndcnicivveccecensissteecenonentaesauum 129 
CI, I veska tas ccoxscemnatitesiccesetsetaeceietedaes 131 
Rg ca cctinseascceseintiaactninancrainnsiebedexenetes eeuddcalpdeaneataies 2,638 
i raidiscisteictcistidain Sen kerocchurnncemmninnteeaniidmanaiomiaaian 2,696 
Ce Nas seeptcrsiscsiusicisnsinicbnsisesteereseapGamammeies 55334 
Vy SE CR sass cccieesianscnccnsssconsensasscéensdintenipbatetecatenindsiog’s 25.9 
a tadecisratscednss cubodvercnnsninguitscantbaaesanconbndintsiasanis ane 27.8 
INE, CIEE a ciccncdcatsctactinascrncchanccdetindewnnssabeseheneeatassiobenuubaomess 150.6 
ia seccctnnn saben cocckinnncsd sevtincsaenaeniapentuniteatedecda deena 148.2 
Speed, mean, by revolutions, knots...............00+00+ versedaniuamubbinerelabataen 19.52 
IR, GRIN go scsp ce yeescicsepnceniantonnttninsntvesensnmiaeitheesiiannenenead 3,446 


A more complete description of these contract trials, with 
details of machinery and ship data, will be published in the next 
issue of the JOURNAL. 

U. S. S. Hartford.—Dock trials of the new machinery of 
this historic vessel were made on January 3 and January 6, 1900. 

Owing to the orders concerning the departure of the vessel 
these trials could not be extended as far as desirable, but the 
engines were run long enough to demonstrate their safe condi- 
tion and readiness for service. Some slight defects were devel- 
oped which were remedied without difficulty. 

U.S. S. Atlanta.—A dock trial of the new machinery of this 
vessel was held at the New York Navy Yard on December 2, 
1899. The first trial during the forenoon of that day was had 
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with natural draft. It was found possible to secure, under these 
conditions, slightly more than 45 revolutions. At 1°30 P.M.,the 
fire rooms were closed and the trial made under forced draft. 
No air-pressure gages were fitted, but the blowers were run at 
an average of about 500 revolutions per minute. Under the 
conditions of the trial, and owing to the inexperience of the 
firemen, the highest speed capable of being continuously main- 
tained was between 55 and 60 revolutions. 

From data taken during the period of best performance, the 
following results are deduced: Boiler pressure, 160 pounds; 
revolutions per minute, 75; I.H.P., H.P. cylinder, 925.35; I.P. 
cylinder, 775.51; L.P. cylinder, 892.96; total H.P., 2,593.82. 

Generally speaking, however, the boilers worked well in all 
respects, and the engines performed in a satisfactory manner. 

The Armor Question.—The Secretary of the Navy thus 
presents the armor situation at the close of 1899: All the armor 
for the battleships Kearsarge and Kentucky has been contracted 
for and delivered. Ail the armor for the battleships A/adama, 
Illinois and Wisconsin has been contracted for, and deliveries 
under the contracts will probably be completed by May, 1900. 
The armor for the five vessels above named was contracted for 
at $400 per ton, exclusive of a royalty for face hardening, for 
which $11.20 per ton might, under certain conditions, be paid. 

In August and September of the present year contracts were 
made for 2,152 tons of armor for the four harbor-defense moni- 
tors authorized by the act of May 4, 1898. At the same time 
contracts were made for 116.58 tons of armor for the battleships 
Maine, Ohio and Missouri, this latter small quantity of armor 
being necessary in the early stage of interior construction. The 
above armor for monitors and battleships, aggregating 2,268.58 
tons, was contracted for at $400 per ton. All the deliveries will 
probably be completed by April, 1900. 

There remain to be contracted for 7,358 tons of armor for the 
Maine, Ohio and Missouri. These vessels are now building, and 
it is imperative that their armor should be contracted for early 
in the coming year; to delay it beyond that time will in all 
probability delay the completion of the vessels beyond the con- 
tract date of completion. Under existing laws $400 a ton may 
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be paid for armor “ of a suitable quality” for these vessels; but 
$400 a ton will not apparently buy the best armor, which for 
such vessels is, of course, the only “ suitable” armor. 

It will probably buy armor made by the ordinary process of 
face hardening, which, though good, is not the best, and the 
Department does not, therefore, consider it suitable for the ves- 
sels in question. Armor of this kind was reluctantly ordered 
for the four new monitors, because the vessels were progressing 
rapidly and the Department desired to avoid the delays and 
embarrassment likely to arise if their armor was not forthcom- 
ing when required. Moreover, these vessels are of a low free- 
board type, and offer comparatively small targets, while the 
contrary is the case with battleships, whose prestige is very 
great, and should not, therefore, be impaired by the use of any 
but the very best armor. 

In addition to the 7,358 tons of armor required for the Maine, 
Ohio and Missouri, there will be required about 9,000 tons for 
the three battleships and about 5,100 tons for the three armoted 
cruisers authorized by the act of March 3, 1899, a total of about 
21,458 tons of armor required in all and not yet contracted for. 

Torpedo Boat Somers.—A trial of this vessel has at last 
been attained over a five-mile course on Long Island Sound, and 
the results as far as speed under the partial forced draft was about 
174 knots. This is smooth water. A boiler tube burst on the 
first attempt to reach the course, slightly injuring a machinist 
and necessitating a return to the yard for a few hours. 

The Somers’ boiler tubes have become unreliable through cor- 
rosion during the “troublesome existence” she has led since her 
purchase, and the necessarily long periods of improper care. 

It is possible that the boat will be hauled out and laid up until 
possible emergencies may call her into service. The immedi- 
ately necessary work of retubing boilers probably will be taken 
in hand at once. 

A novel feature of this boat is a small bow rudder, which is 
controlled from the forward conning tower. It houses like a 
centerboard in its trunk, and is of great value in turning the 
vessel quickly. Using it, the boat turned about one-third faster 
than with only the after rudder. 



































240 


SHIPS. 





In the trials to determine her tactical diameter, the Somers, 
using only her stern rudder, turned a complete circle in 390 


yards. 


forty seconds. 


From full speed ahead to a dead stop the unofficial time 
taken was fifty-nine seconds. 


Several short loops were made at 
full speed under port helm, the mean of the time taken being 


The Somers was built in 1893 for the German Navy by Schi- 
chau, at Elbing, Prussia. 


She was rejected by the Government 


and purchased for the United States early in 1898. After three 


unsuccessful attempts to bring her to New York in tow of the 
cruiser Zopeka, her crew refrusing to work in the bad weather 
encountered, war with Spain was declared and she was laid up 
until April, 1899, when she was brought here on the steamship 


Manhattan. 


Sebago.—The name of the United States tug Zakoma has 
been changed to Sebago, owing to the similarity of the former 


name to that of the cruiser Zacoma. 


Sale of Condemned Vessels.—During the year 1899, the 
following vessels, condemned as unfit for further service and 
stricken from the Navy Register in pursuance of section 2 of 
the Act of August 5, 1882 (Stat. L., vol. 22, p. 296), have been 
appraised and disposed of at public sale in accordance with sec- 
tion 5 of the Act of March 3, 1883 (Stat. L, vol. 22, p. 599), viz: 


Name and type 
of vesssel. 


Wyandotte, 
ret monitor. 

Comanche, single-turret 
monitor. 


single-tur- 


Governor Russell, ferry 
boat. 
East Boston, ferry boat. 


Vulcan, repair ship. 

Niagara, steamer. 

Hector, steamer. 

Ajax, single-turret mon- 
itor. 


Passaic, 
monitor. 


single-turret 


Navy yard at 
which located. 


League Island, Pa. 


Mare Island, Cal. 


Norfolk, Va. 


Boston, Mass. 


League Island, Pa. 


New York. 


Boston, Mass. 


League Island, Pa. 


Pensacola, Fla. 


| 
| 





Appraised Date of | 


value. 


$6,382.50 


1,200.00 


35,000.00 


30,000.00 


100,000.00 
60,000.00 
50,000.00 
13,000.00 


11,000.00 


sale. 


18 
Jan. 


Mar. 


July 
July 


July 
July 
Oct. 
Oct. 
Oct. 


17 


22 


19 
19 











delphia, Pa. 


Purchaser. 


Chas. Gibbons Davis, 
Philadelphia, Pa. 

Pantoskey, Bircovich 
& Livingston, Oak- 
land, Cal. 

City of Boston, Mass. 


Arthur Phillips, 
Harry L. Maynard, 
Theo. J. Wool and 
John L. Watson, 
Portsmouth, Va. 

Michael Jenkins, Balti- 
more, Md. 

Henry P. Booth, New 

ork, y 


The Metropolitan Coal | 


Co., Boston, Mass. 

H. A. Hitner’s Sons, 
Philadelphia, Pa. 

Frank Samuels, Phila- 


Price. 


$12,631.52 
6,581.25 


25,000.00 


38,091.00 


175,750.00 
75»563.00 
65,150.00 
29,566.66 


19,785.66 


| 
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The total sum received from these vessels is $448,119.09, 
being $141,536.59 in excess of their appraised value, from which 
$758.96, the cost of publishing the several advertisements in- 
viting proposals for their purchase, was paid. The net proceeds 
amount to $447,360.13. 

The following table shows the vessels loaned to certain of the 
States for use of naval militia organizations : 


Vessels. State to which loaned. Date of transfer. 
Aileen, . . . . « Bow You... . « Map 6 se 
Dis 6 « pw + BE 3 aoe se 2 Re Oe 
Eifrida,. . . . . Commectiest, .. . . Ap @ toe 
Fern,. . . . . . District of Columbia, . Oct. 22, 1898. 
Hornet,. . . . . North Carolina, . . . Dec. 24, 1898. 
Huntress, . . . . MNewljersey, ... . jan. 16, 1899. 
Inca,. . . . . . Massachusetts,, . . . May 27, 1899. 
Maven... . . . CMe lw ee I 
Minnesota,. . . . Massachusetts,. . . . Oct. 22, 1895. 
New Hampshire,. . New York,. . . . . Nov. 13, 1894. 
Fae sa se tS, «an se se ee eee 
Portsmouth, . . . New/Jersey, . . . . June 29, 1895. 
St. Lomis, . .. . Pennsylvania, ... . Dee. G, 18o6. 
Shearwater, . . . Pennsylvania, . . . . Dec. 31, 1898. 
Swanger, . .. . Leowkleme, .... . Dec. a reese. 
Sou, sw ww es FCs st 8 a 
Sofia, . . . . . Bipepieed, . . .:-. . Dee te tee. 
eee. kk Ow ee 


T. A. M. Craven.—On December 16, 1899, this torpedo boat 
made several runs over the measured mile at the Southport, 
Me., course for the purpose of standardizing the screws, and 
later in the same day made a run for one hour. These were 
not acceptance trials. 

The weather was bitterly cold during these tests, and the ves- 
sel was covered with ice from stem to stern. During the hour’s 
run the average steam pressure in the engine room was 205 
pounds, the average vacuum 26 inches and the average number 
of revolutions 312.775. It was impossible, from the data taken, 
16 
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to determine with any accuracy the speed made on this one 
hour’s run, but comparing the revolutions made with those 
obtained during the trial of the Dahlgren, her sister ship, it is 
estimated that the speed was approximately 29.7 knots per 
hour. The engine proved to be stiff, well balanced and gave 
very little vibration. 

On February 21st a final acceptance trial was obtained, result- 
ing in a speed of slightly over 322 revolutions per minute, cor- 
responding to 30.1 knots per hour. 


ENGLAND. 


Cressy.—This cruiser was launched December 4 last, and is 
a sister ship to the Swé/e7, launched on the 18th of November, 
from the Clydebank shipyard. She gives name to the particular 
class of cruiser of which five others are being built—four on the 
Clyde and two at Barrow. A special feature of the vessel is that 
extending from where the main broadside 6-inch armor termi- 
nates to the vessel’s extremities is 2-inch nickel-steel armor 
plating. This specially-hardened nickel-steel armor has been 
made by William Beardmore and Co., of Parkhead Forge and 
Steel Works. The Cressy is the first British naval vessel in 
which the Parkhead plating has been worked so extensively into 
the regular armor-plating scheme of the hull. 

The Cressy, like the Sué/e7, is to develop on trial 21,000 in- 
dicated horsepower, estimated to propel the vessel at 21 knots. 
The propelling machinery consists of two sets of triple-expan- 
sion engines fitted in two watertight compartments, each set 
having four inverted cylinders, working on four cranks. The 
high-pressure cylinder is 36 inches diameter, the intermediate 
59 inches, and each of the low-pressure 68 inches diameter, the 
stroke in all cases being 48 inches. The high and intermediate- 
pressure cylinders are each fitted with a piston valve, and each 
low-pressure cylinder with a double-ported slide valve with a 
relieving ring at the back; all the valves being worked by the 
usual double-eccentric and link-motion gear. The reversing is 
effected by means of double-cylinder steam engines, with gear 
of the all-round type. Hand gear is also fitted. The crank, 
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thrust and propeller shafting is of forged steel and hollow, sup- 
plied by the Parkhead Company. The propeller bosses are 
of gun metal, fitted with four adjustable blades of manganese- 
bronze. The main condensers are at the backs of the engines, 
and are cast of brass of oval form, fitted with brass tubes, the 
condensing water being supplied by four centrifugal pumps of 
gun metal, each fitted with independent engines. The feed, 
bilge and hotwell engines are all independent, and separate from 
the main engines; steam for these and all other auxiliary ma- 
chinery being supplied by a special range of steam pipes. The 
exhaust steam will be arranged to discharge to the auxiliary 
condensers, the atmosphere and the low-pressure receivers. 
There are two auxiliary condensers, each fitted with a circu- 
lating pump and a small air pump. 

The vessel will be fitted with the usual auxiliary machinery, 
viz: a complete distilling plant to supply fresh water to the 
boilers and also for drinking purposes, three sets of engines 
and dynamos for producing the necessary current for electric 
lighting, two double-cylinder direct-acting engines, with the 
necessary gear for steering purposes; two complete sets of air- 
compressing engines and pumps, with the air reservoirs for 
charging torpedoes, and two vertical refrigerating machines of 
the cold-air type, with the necessary cold chamber for ship’s 
provisions. Steam will be supplied by an installation of thirty 
water-tube boilers having economizers, all of the latest Belleville 
type. The boilers are arranged in four groups, each group fitted 
in a water-tight compartment. They are designed to work ata 
pressure of 300 pounds, valves being fitted to reduce the pres- 
sure to 250 pounds at engines. Pumping engines are fitted in 
each stokehold to supply air to the furnaces and combustion 
chambers, and the necessary air for the stokehold ventilation 
will be supplied by laage fans, as also for the engine room and 
ship ventilation.—“ The Engineer.” 

Steam Trials.—The following résumé of the results of the 
trials of the new first-class battleship Ocean are of interest, 
although the first two of these trials have been already referred 
to in the JourNAL. The sea trials specified were three in number, 
viz: Thirty hours at about 2,700 I.H.P.; thirty hours at about 
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10,250 I.H.P.; eight hours at full 13,500 I.H.P. All these were 
completed to the satisfaction of the Admiralty inspecting officers. 
The last of the series, viz: the eight hours’ full-power trial, took 
place on 30th October last, when a mean I.H.P. of 13,828 was 
obtained with 113 revolutions per minute. The whole of the 
machinery worked well and gave no trouble. 


Average of | Average of _ Average of 
30 hours, 30 hours, 8 hours, 
27th and 28th| 2d and 3d 20th Oct., 
July. August. 1899. 


Air pressure Fans not | Fans running | Fans running 
working. 130 revs. 177 revs. 
No. air Air pressure 
Vacuum : pressure, .O7 
27.5 26.2 
27.8 27.0 
Steam pressure in stokehold 210 267 
Steam pressure in engine-room 184 221 
Revolutions : 
67 103.1 
66.6 101.9 
Receiver pressure : 
H.P., port 165.3 221 
starboard 167 216 
I.P., po 26.2 52 
26.2 54 
14.1 5-9 
starboard 9.8 
Indicated horse power : 
H.P., port 1,862 2,170 
starboard 1,854 2,019 
1,763 | 25442 
starboard 1,776 2,501 
1,459 2,306 
1,600 2,390 
10,314 13,828 
16.2* 18.747 
Number of boilers in use.,...........s00se00 8 20 20 
Coal consumption per I.H.P., pounds,.... Q 1.63 1.76 





*Approximate. Ship foul. + Ship clean, 

Viper.—The turbine destroyer Viper for the English Govern- 
ment went out again on the mile January 8,and the results were 
more than satisfactory. The turbines have been changed since 
the first trial, and at this time their performance was excellent. 

Several runs were made at about 33 knots, and then, ona spurt, 
four runs were made at an average of 34.8, and then two runs at 
an average of 35.2 knots. 
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The only thing that gave any trouble were the air pumps, 
which were inclined to stop. The turbines ran very quietly, the 
only place on the boat where there was any noise of any amount 
was in the after part or ward room, which is over the screws; 
here the noise was very great, and it was attributed to cavitation 
at the propellers. 

H. M. Torpedo-boat Destroyer Spiteful, built and engined 
by Palmer’s Shipbuilding and Iron Company, Limited, Jarrow- 
on-Tyne, has just completed her official trials at Portsmouth. 
The first trial was stipulated to be at a speed of about 29# to 30 
knots per hour for three hours, to test the consumption, which 
was not to exceed 2} pounds per indicated horsepower. It was 
found that at 29.9 knots per hour the consumption was at the 
low rate of 2.3 pounds per indicated horsepower. On the second 
trial the vessel was to be driven at not less than 30 knots per 
hour during three consecutive hours, but at the same time it was 
desired to keep the speed as little in excess of the 30 knots as 
possible. On six runs over the mile the speed was easily main- 
tained at 30.371 knots per hour, and the engines were then 
adjusted so that the average of the three hours came out 30.06 
knots per hour. On the final or 12 hours’ trial the vessel was 
to be run at a speed of 13 knots per hour, and the consumption 
measured. The average speed was 13.05 knots per hour, the 
power 450 indicated horsepower, and the consumption at the 
rate of 1.5 pounds per indicated horsepower per hour, so that 
the coal she is capable of stowing would enable the vessel to 
steam about 4,000 sea miles. This consumption is considered 
very low, and is believed to be a record performance for a vessel 
of her displacement. The whole of the trials were gone through 
in a very comfortable manner, entire absence of vibration, ample 
and economical supply of steam. This is the fiftieth vessel and 
the twelfth destroyer delivered to Her Majesty’s government 
by her builders. She is generally similar to the other 30-knot 
boats by Palmers, and has two sets of triple-expansion engines, 
and four Reed’s patent water-tube boilers, working at 250 pounds 
pressure and 6,300 indicated horsepower. Messrs. Palmers have 
three more destroyers in hand. 
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The Britomart, gunboat, in her first thirty hours’ trial off 
Plymouth, maintained a speed of 11.2 knots with an indi- 
cated horsepower of 667. The mean results were: Air pressure, 
.24 inch; steam in boilers, starboard, 220 pounds; port, 220 
pounds; steam at engines, starboard, 187 pounds; port, 208 
pounds; vacuum, starboard, 26 inches; port, 25.4 inches; rev- 
olutions, starboard, 241.3; port, 238.1; indicated horsepower, 
starboard, 344; port, 323. On the eight hours’ steam trial at 
g00 indicated horsepower, the mean results were: Steam in 
boilers, 208 pounds; steam at engines, starboard, 188 pounds; 
port, 196 pounds; revolutions, starboard, 274.8; port, 276.4; 
vacuum, starboard, 26.8 inches; port, 25 inches; indicated 
horsepower, starboard, 476; port, 481; total, 957; air pres- 
sure, 0.5 inch; coal consumption per indicated horsepower 
per hour, 2.52 pounds; speed, 13 knots. She had a four hours’ 
forced-draft trial on the 25th ult., with the following results: 
Steam in boilers, starboard, 224 pounds; port, 224 pounds; 
steam at engines, starboard, 198 pounds; port, 198 pounds; 
air pressure, 1.2 inches; vacuum, starboard, 25.1 inches; port, 
24.6 inches; revolutions, starboard, 309.6; port, 313.3; indi- 
cated horsepower, starboard, 661; port, 708; total, 1,369; 
speed, 14.6 knots. 

Pandora.—The third-class cruiser Pandora, which was laid 
down in No. 11 dock at Portsmouth on January 3, 1898, was 
floated on the 17th inst. This vessel, which was designed by 
Sir William White, Director of Naval Construction, is one of 
two third-class unsheathed protected cruisers now building, the 
other, the Pioneer, being under construction at Chatham. Nine 
similar third-class cruisers, of a slightly less displacement, have 
already been launched and completed. The principal dimen- 
sions are: Length between perpendiculars, 305 feet; length 
over all, 318 feet 6 inches; breadth, extreme, 37 feet; mean 
draught of water, 13 feet 6 inches; displacement, 2,200 tons. A 
steel deck, sloped at the sides, and varying in thickness from 4 
inch to 2 inches, has been worked throughout the length of the 
ship in the neighborhood of the water line, forming a watertight 
boundary and affording protection to the engines, boilers, maga- 
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zines, etc. The Pandora will be propelled by twin screws, each 
driven by an independent set of vertical triple-expansion en- 
gines, capable of developing, at the working pressure of 250 
pounds to the square inch, an indicated horsepower of 3,500, or 
7,000 for the two sets of engines. With this horsepower a speed 
of about 20 knots will be realized. Steam will be supplied by 
eight water-tube boilers of the Thornycroft type. These engines 
and boilers are being built in Portsmouth Yard. The quantity 
of coal carried at the above draught is 250 tons, although 
provision is made for stowing a much larger amount. The 
armament will consist of eight 4-inch quick-firing guns, two 
being on the forecastle, two on the poop, and the remainder in 
the waist of the ship—eight 3-pounder quick-firing guns, and 
three of .45-inch Maxims. Two above-water torpedo tubes will 
be carried. These tubes will be armored, the thickness of the 
armor varying from 1 inch to 3 inches. The complement of 
of the Pandora when commissioned will be 224 officers and men. 

H. M. Cruiser Hyacinth completed her programme of speed 
trials off Plymouth on December 4th last. The engines are said 
to have worked smoothly throughout, the power developed be- 
ing considerably in excess of the amount stipulated for in the 
conditions of contract. The mean results were as follows: 
Steam in boilers, starboard, 252 pounds; port, 251 pounds; steam 
at engines, starboard, 242 pounds; port, 240 pounds; vacuum, 
starboard, 25 inches; port, 26.9 inches; revolutions, starboard, 
169.15; port, 173.55; indicated horsepower, starboard, 5,269; 
port, 5,267; total, 10,536; speed, 19.4 knots; coal consumption 
per indicated horsepower per hour, 1.58 pounds; air pressure, 
.25 inch for last five hours. 

Goliath.—This battleship, whose first keel plate was laid on 
the slip on which she was built at Chatham Dockyard on Janu- 
ary 4, 1897, and whose construction was so considerably de- 
layed by the engineers’ great strike that she was only put into 
the water at the end of last March, has now, after the vicissi- 
tudes often met with in first engine trials, finally completed those 
which were contracted for. 

The two sets of engines are of the three-cylinder, inverted 
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triple-expansion type, each set driving a four-bladed screw 
propeller 16 feet 9 inches diameter; the collective horsepower 
to be developed by them upon an eight hours’ full power trial 
being 13,500 indicated; steam being supplied by 20 Belleville 
boilers working at 300 pounds pressure per square inch. . 

The steam trials carried out were three in number—two of 
thirty hours’ continuous steaming, the first at 2,700 and the 
second at 10,250 indicated horsepower, both of these being to 
test the coal consumption at these powers. The third trial was 
to be a continuous eight hours’ run at full speed, or 13,500 
indicated horsepower. 

For the purposes of the first of these trials, the ship left Sheer- 
ness on September 27, and proceeded down the Channel, the en- 
gines working well for eighteen hours of the steaming time, till 
being off the Isle of Wight, when the joint of the high-pressure 
cylinder cover of the starboard engines gave out, and the set had 
to be put out of running until the fault was made good, the port 
set of engines continuing the running in the meantime, and de- 
veloping 1,350 horsepower. After making good the defective 
jointing, etc., occupying seven hours, the thirty hours’ trial was 
proceeded with to a satisfactory finish, the mean results attained 
being as follows: With the ship practically on an even keel, her 
water draught being 26 feet forward and aft, her boilers under a 
working steam pressure of 236 pounds per square inch, and the 
starboard and port engines running respectively at 65.8 and 65.6 
revolutions per minute, the mean indicated horsepower realized 
by them was 1,467 and 1,340, or a total of 2,807, which exceeded 
that contracted for by 107 horsepower. This power was de- 
veloped by a coal consumption of 1.73 pounds per indicated 
horsepower per hour, the speed of ship realized being 11.7 knots 
in the same time. This trial was completed on Friday, Septem- 
ber 29, the ship having been abreast of the Sart, when she 
sumed her trial run with both sets of engines. 

On the roth October the second coal-consumption trial of the 
Goliath at 10,250 horsepower took place to the westward of the 
Eddystone, commencing at noon of that day, and finishing on 
the evening of the 11th, the mean results attained at it being: 
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With the ship at the same water draught as on the first trial, and 
her boilers working at a pressure of 273 pounds per square inch, 
the starboard and port engines made 99.5 and 101.7 revolutions 
per minute, and developed 5,160 and 5,253 horsepower respec- 
tively, or a total of 10,413 indicated horsepower, being 163 in 
excess of the contract, the coal consumption being 1.54 pounds 
per indicated horsepower per hour, and the speed attained by 
the ship 17.1 to 17.32 knots in the same time. The stokeholes 
were under no air pressure during either of these coal-consump- 
tion trials. 

Some defects having been discovered in the pump arrange- 
ments of the engines of the Go/ath on the completion of the 
foregoing described trials, the ship was delayed till these were 
rectified before proceeding on the eight hours’ full power trial, 
which took place in the Channel on November 22d, when the 
following satisfactory results were attained: With the ship at 
the same water draught as on the previous trials, and steam at a 
boiler pressure of 290 pounds per square inch, the revolutions of 
the starboard and port engines were 108.1 and 109.8 per minute, 
and the power developed by them 6,998 and 6,920 respectively, 
or a grand total of 13,918 indicated horsepower, being 418 in 
excess of that contracted for; an eminently satisfactory result, 
both engines and boilers having worked remarkably well, the 
coal consumption on the trial having been I.g1 pounds per indi- 
cated horsepower per hour, and the speed of the ship in the same 
time 18.4 knots. 

Asa battleship, or any class of warship, is seldom called upon 
to exceed the normal rate of steaming attained by her on a thirty 
hours’ coal-consumption trial at four-fifths of her full power, 
the results given above show that the Go/ath, as regards her 
capabilities in this direction, can claim to hold first place among 
the battleships of her class. 

As a special interest is now being taken in the application of 
the latest improved Belleville boilers to warships, we give below, 
in tabulated form the results of practical tests made at the boiler 
works of John Penn and Sons at Deptford, with two of the boilers 
of the Goliath. 
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TEsT TRIALS OF Two OF THE BoILers oF H. M.S. GOLIATH, MADE BY JOHN 
PENN AND SONS, AT DEPTFORD. 


IE OE TRIE Di ininicicientsctacaviioksanegistinncbianveanaeaeniic August II. August 12. 
NE HE Ms shen scssccecdies sastacucsnnshscsccaensencibckesedden 4 hours. 4 hours. 
Type of boiler, Belleville, with economizer.,.,........0+...++ 8-element. g-element. 
SPIER OE ED Diss sa ste vaset tis stesssnriorommess I I 
Total area of fire grate in use, square feet.................0005 48.5 54.6 
Total heating surface in use, square feet............-.006 eee *1,549.5 +1,766.3 
SRORIE: CNTELE, BINIE BUIB oa ons osc cnconeccess sesccncscesavenss 31.95 32.35 
(B) Steam pressure in boilers, pounds..................eseeee 298.75 300 
Pressure of air in boiler-room (vacuum at base of funnel), 

Ee SN distin scars nection nemavanantanonedpnixentbasccebaeseoes 875 875 
Furnace air pumps: 

URN I Moises cis isioonsksecassadaccsiersceensn 85 81.68 

Pressure of air, pounds per square inch........... ...ee0e0s 12.625 12.56 


Temperatures : 


Gases at base of funnel, degrees Fahrenheit............... 366.25 523-75 
(A) Feed water, degrees Fahrenheit.............000...00+ 58 58.25 
Feed water on leaving economizer, degrees Fahrenheit, 246.31 255-25 
Coal, Welsh, from Penllyn, Merthyr: 
Total: G06G QO DOGT, DOWNER consi cis ccceks scisnscccoessesecs 1,445 1,638 
Per square foot of grate per hour, pounds................6+ 30 30 
Approximate thickness of fires, inches (about)............ 5 5 
Interval between firing each furnace, minutes............ 3 3 
Feed water: 
TFotak need: pet WOO; DONE 6.0isescesessencesssscccsiasense’ 14,273 16,779 
Per square foot of heating surface per hour, pounds,.... 9.211 9-5 
FF OUG OF CONE, EB. sonic recs ecsecnessesnnsseneisosevee 9.877 10.243 
Equivalent evaporation to dry saturated steam : 
Per square foot of heating surface per hour: 
Based on (A) and (B), pounds.,...........cccccscecsceees 9.211 9.5 
From and at 212 degrees Fahrenheit, pounds.......... 11.274 11.618 
Per pound of coal: 
Based on (A) and (B), BOWS, .....0cccccscccosesccssees 9.877 10.243 
From and at 212 degrees Fahrenheit, pounds.......... 12.089 12.527 
Evaporative power of the coal used (from and at 212 
degrees Fahrenheit), ascertained by Thompson calori- 
NIE, acaccsescuswevedéchaqeatesirgentgtadvscbenbasteedseoninearnnt SS oe 
NE GE iid kostsatasadirwncse tigertesisnenqnoiatiaonecs 851 88 


Manner in which steam was disposed of, escaped to atmosphere. Funnel blast. Air 
blower and feed pump. 





* 995.2 boiler, 554.3 economizer. +1,119.6 boiler, 646.7 economizer. 


Comparative Tests.—The second-class cruisers Highflyer 
and Minerva are to be placed in the balance in order to test 
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their respective steaming capacities. The two ships are the 
same in displacement and dimensions, but differ in armament, 
engines, and boilers. The //ighflyer’s engines develop 10,000 
H.P. with natural draft; her boilers are of the Belleville type, 
eighteen in number, fitted with economizers. The Minerva’s 
engines develop 9,600 H.P., and her boilers, eight in number, 
are of the Scotch type. The following trials are to be carried 
out: 


No. of trials. Series. Duration in hours. Speed. 


3 A 60 10 knots. 

2 B 60 14 knots. 

2 Cc 60 17 knots. 

2 E 12 Highest speed 
2 D 30 that can be 

2 F 12 maintained. 


In series E the Minerva is to start with three boilers only 
lighted, and at a given signal to light the rest. The Aighflyer 
will start with six six boilers lighted, and at the signal will light 
up the other twelve. This test is to ascertain the speed at one- 
third the full boiler power, though, as a matter of fact, the Min- 
erva's three boilers are slightly in excess of one-third power. 
In series F each ship will start with one-third of the boilers 
alight, but in the M/Zimerva the others will be banked and in the 
Highflyer fires only laid. After steaming from 18 to 36 hours at 
a low speed at a given signal the two will spread fires, or light 
fires, and put on all available steam. Each ship will, during the 
trials, carry an inspector of machinery, two additional engineer 
officers and a number of extra engine-room ratings. 

Seagull.—This gunboat, equipped with Niclausse boilers, has 
made the first six of her nine 1,000-mile runs to test the boiler 
performance. The first four were at 1,350 I.H.P., and resulted 
in a coal consumption of about 1.87 pounds per horsepower per 
hour. The last two trials were at 1,600 I.H.P., and gave a con- 
sumption of about 1.7 pounds per horsepower per hour. The 
last trial of the above was in a heavy sea.—“ Le Yacht.” 
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FRANCE. 

New Ships.—During the year 1900 the French navy will be 
supplemented by thirty-two vessels, made up as follows: Two 
battleships, one armored cruiser, one first-class cruiser, six de- 
stroyers, three gunboats, three submarine boats, six squadron 
torpedo boats, nine first-class torpedo boats, and one turbine 
torpedo boat. The programme further includes nineteen ves- 
sels for 1901, thirteen vessels for 1902, and three vessels for 
1903 altogether ; sixty-seven vessels. 

New Cruiser.—A new cruiser of 12,416 tons will be bugun 
next year at Cherbourg. Her length will be 474 feet; beam, 
71 feet; total I.H.P. of her three engines, 24,000; speed, 21 
knots; effective radius, 10,000 miles at 10 knots. Her arma- 
ment will consist of four guns of 7.6 inches, sixteen 6.3-inch 
O.F., twenty 1.8-inch (3-pounders), four 1.4 inch (1-pounders), and 
five torpedo tubes, two to be submerged. She will cost about 
41,170,000, which exceeds the cost of recent French battleships. 

Amiral Aube.—The following details of the contract for the 
new French first-class armored cruiser Amiral Aube, which is to 
be built by the Société des Ateliers et Chantiers de la Loire, 
have been published. She is to be delivered at Brest ready for 
her trials on or before 11th of June, 1903. Her total cost, not 
including her armament, is to be £800,000. She is to be of the 
same type as the Marsei//aise, building at Brest, her length being 
453 feet and beam 66} feet. Her three engines will develop 
20,500 H.P., their normal power being 10,000 H.P. Her coal 
consumption for the latter power will be 14 pounds to 1? 
pounds per H.P. per hour. The protection for hull and guns 
will be of Harveyized steel. 

Iena.—The new first-class battleship /éva was commissioned 
at Brest on the Ist ult., with a reduced crew for her trials, but 
she is far from being ready for them or from completion; never- 
theless, no ship of her size has as yet been built so rapidly as she 
has been, for she was only laid down on the 15th January, 1898, 
being launched six months later. She is expected to attain a 
speed of 18 knots. 

Guichen.—The new first-class cruiser Guichen, classed as a 
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croiseur-corsaire, successfully completed her steam trials off 
Toulon November 10, 1899. The mean speed realized in the 
three hours’ trial was 23.5 knots, and one run gave a speed of 
23.6 knots, exceeding the contract, which was for 23 knots, by 
fy ofa knot. It may be affirmed that this speed has never been 
obtained in any other navy with a vessel of the Guichen's size, 
namely, 8,000 tons displacement. Notwithstanding the immense 
power developed (25,400 H.P.), the engines worked perfectly 
smoothly and without noise or vibration, and as the boiler pres- 
sure was easily maintained the Guichen will be certain to obtain 
on service the fine speed realized on her trials. The consump- 
tion of coal has been equally satisfactory, not exceeding 130 
kilogrammes per square meter (27 pounds per square foot) of 
grate surface per hour, instead of 160 kilogrammes (32 pounds 
per square foot), which was expected. These results do the 
greatest honor to her constructors, the Chantiers de la Loire, the 
engines as well as hull being from the firm's own plans.—“ Jour- 
nal Royal United Service.” 

The Goubet Submarine Boat.—A despatch from Paris gives 
some interesting details of the recent experiments at Toulon 
with the submarine boat Goudet. The tests are said to have been 
successful. The boat carried a crew ofthreemen. It plunged 
down five meters (16.4 feet) below the surface and remained sub- 
merged for five hours. Upon arriving at the surface the crew 
was well and had suffered no inconvenience. At another trial 
the Goudbet, preceded by a launch to give warning, crossed the 
roadstead with its dgme twenty-five centimeters (9.8 inches) be- 
low water. It also made two instantaneous descents, traveling 
under water fifty-six meters (61.2 yards) during each one. In 
spite of a heavy swell the submarine boat gave evidence of re- 
markable stability. Finally, near Fort Eguillette, the Goudet 
again disappeared under the surface and remained hidden for 
twenty minutes. It was impossible for those following the ex- 
periments in the accompanying launch to discover the Goudet's 
whereabouts until she appeared again on the surface.—“ Elec- 
trical World and Engineer.” 

Gaulois vs. Charlemagne.—The following are comparative 
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details of the trials of the new first-class battleships Gau/ois and 
Charlemagne, twenty-four hours’ run at two-thirds speed: 

Gaulois—1.H.P., 9,200; corresponding speed, 16.5 knots; 
consumption of coal per H.P. per hour, 0.695 kilogramme. 

Charlemagne.—1.H.P., 9,270; corresponding speed, 16.41 
knots; consumption of coal per H.P. per hour, 0.703 kilo- 
gramme. 

The results of the three hours’ run at full speed under forced 
draft, for which the contract I.H.P. was to be 14,500, were as 
follows: 

Gaulois.—1.H.P., 14,925; corresponding speed, 18.02 knots; 
consumption of coal per H.P. per hour, 0.808 kilogramme. 

Charlemagne.—\.H.P., 15,235; corresponding speed, 18.136 
knots; consumption of coal per H.P. per hour, 0.871 kilo- 


gramme. 
GERMANY. 


Kaiser Karl der Grosse.—On the 18th October last, from the 
yard of Blohm and Voss, at Hamburg, in the presence of the 
Kaiser and a distinguished company, was launched the new 
first-class battleship Kazser Karl der Grosse. 

The dimensions of the new battleship are as follows: Length, 
377 feet 6 inches; beam, 66 feet 10 inches; displacement, about 
12,000 tons, with a mean draught of 25 feet 9 inches. Protec- 
tion is afforded by a water-line belt of Krupp steel extending 
from the ram for four-fifths the length of the ship, having a 
maximum thickness of 12 inches tapering to 5.5 inches; the 
turrets for the heavy guns have 10-inch armor and the small 
turrets and casemates for the secondary battery 6-inch. There 
are two conning towers, one forward with 10-inch armor, and 
one aft with 4-inch; the armored deck will be 3 inches and the 
armored ammunition tubes 4 inches, all the armor being of 
hardened steel by the Krupp process. 

The armament will consist of forty-six guns of different caliber, 
thirty-four of which will be Q.F. and twelve small machine guns. 
The heavy guns will be four 24-centimeter (9.4-inch) Q.F. 50- 
caliber guns, mounted in pairs, two in a turret forward and two 
in a turret aft; the secondary battery will consist of eighteen 15- 
centimeter (5.8-inch) Q.F. 40-caliber guns, twelve being mounted 
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in casemates and six in small turrets, and twelve 8.8-centimeter 
(3.3-inch) Q.F. 40-caliber guns behind shields. There will also 
be six torpedo tubes, five submerged, one in the bow and two on 
each broadside, and one above water in the stern. The ship will 
be driven by three propellers, and the engines are to develop 
13,000 I.H.P., giving a speed of 18 knots; the boilers will be 
water-tube, type not yet decided. The coal stowage will be 650 
tons. The ship will have two funnels and two military masts 
with fighting tops. The ship was laid down in the spring of 
1898, and is to be ready for her trials in the spring of 1902. 

Nymphe.—A small cruiser, A, has been launched from the 
Germania Yard at Kiel and christened the Vymphe. Her di- 
mensions are as follows: Length, 328 feet; beam, 39 feet; dis- 
placement, 2,600 tons, with a mean draught of 14 feet. She is 
of the improved Gazelle type. Her engines are to develop 8,000 
I.H:P., which are to give a speed of 21.5 knots, instead of 19.5, 
the speed of the first of the class. Her boilers will be water-tube 
on the new Schulz system, and she will have a 2-inch armored 
steel deck. Her armament will consist of ten 10.5-centimeter 
(4.1-inch) Q.F. guns, fourteen 3.7-centimeter (1.9-inch) Q.F. guns 
and four machine guns, with three torpedo tubes, two submerged 
on the broadside and one above water in the stem. 

Ships Under Construction.—The following ships are on the 
stocks at present: First-class battleships: A, at the Schichau 
Yard, Danzig; C, at the Imperial Dockyard at Wilhelmshaven ; 
D, at the Vulcan Yard, Bredow, near Stettin; 4, at the Ger- 
mania Yard, Kiel. First-class armored cruisers: A, at the Im- 
perial Dockyard, Kiel. Third-class cruisers: C, at the Imperial 
Dockyard, Wilhelmshaven; D, at the Schichau Yard, Danzig, 
and £, at the Germania Yard, Kiel.—“ Royal United Service 
Journal.” 

Repair Ship.—The great cruiser Kazser, which was recently 
placed out of commission, is not to be used as active cruiser on 
account of her being obsolete. It is planned, however, to con- 
vert her into a repair ship, and, fitted out with all necessary 
materials for provisional repairs, she is intended to go with large 
fleet maneuvers, and, in case of war, to be attached to the fleet. 
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JAPAN. 


The Japanese Destroyers.—The successful termination of 
the trials of the Japanese destroyer V7 brings to a completion 
the work on a group of six vessels which are certainly remark- 
able even in these days of high-speed craft. 

The six boats have all been built and engined by Messrs. 
Yarrow and Co., of Poplar, and their completion puts Japan’s 
navy in possession of a division of torpedo craft unexcelled in 
the world. 

The boats are 220 feet long and 20 feet 6 inches wide. They 
are twin-screw and have each two sets of four-crank triple- 
expansion engines, with cylinders 20} inches, 314 inches, and 
two low-pressure cylinders each 34 inches in diameter, the 
stroke being 18 inches. These engines are designed to give 
6,000 horsepower, but no doubt 7,000 could be reached if 
needed. There is one 12-pounder quick-firing gun mounted 
aft and five 6-pounder guns. There are two torpedo guns for 
18-inch torpedoes. 

The following is a list of the six vessels. 


Speed (under 
Admiralty Conditions Air 


(of Trial). Pressure. 
Knots. Inches. 
Ee eee a 2.5 
Ee a ee eee 2.2 
A se 8 ee ee ee 1.7 
OS ee ee ee 1.3 
I hk) a ve: Oe ak Se a 1.3 
Mk 6° & ae. 8 we fe lee eee 0.9 


The contract speed was 31 knots, carrying 35 tons load, ona 
three hours’ continuous run, 2. ¢., the same conditions as de- 
manded by the British Admiralty for their 30-knot destroyers. 
A point which all engineers will appreciate is the low air pres- 
sure with which the speeds were obtained, especially in the later 
boats. Appended is a detailed report of the official trial of the 
last of the six destroyers, the Wz. She was launched on De- 
cember 16, the first preliminary trial took place on December 

17 
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18, and the official trial on December 21; so that there was a 
gap of only five days between the launching and the official trial. 
On the Vii, the air pressure during the three hours’ run varied 
from # inch to } inch, and the consumption of coal for the 
three hours worked out at 1.98 pounds per indicated horsepower 
per hour. The consumption per square foot of grate was 52.3 
pounds. There were four Yarrow straight-tube boilers for the 
supply of steam, and, although the grates are large in proportion 
to what is customary, with a little experience there was no diffi- 
culty in stoking, as the results obtained indicate. It will be 
noticed that from the commencement to the end of the trials 
there was a steady advance in performance. This is to be at- 
tributed to various improvements introduced as experience sug- 
gested. 

Three of the vessels are now out in Japan, one in the China 
seas on her way out, the fifth has left London within the last 
few days, and the V7 will be starting shortly. 

The engines are balanced on the Yarrow, Schlick and Tweedy 
system, and the absence of vibration at all speeds was considered 
by the Japanese authorities to be highly satisfactory. 

A detail in these boats, as well as of others built by Messrs. 
Yarrow & Co., which deserves attention, is the system adopted 
in the steam pipes for allowing for variations in length. (See 
description in Vol. XI, No. 3, page 698 of the JouRNAL.) It will 
be remembered that instead of the ordinary stuffing-box arrange- 
ment allowing the steam pipes to work in and out of a socket, 
there is a special swivel joint, something similar to that adopted 
in an ordinary gas bracket, but it is so arranged as to be in per- 
fect equilibrium. In vessels of light construction, such as tor- 
pedo boats or destroyers, not only is it needful to provide against 
variation in length, due to change of temperature, but it is also 
necessary to supply some ready means of obtaining sufficient 
elasticity in the system of steam pipes, so that they can accom- 
modate themselves to the flexibility of the hull. This is consid- 
erable when the vessels meet with rough weather. Messrs. 
Yarrow are of opinion that there is more risk of accident to 
steam pipes from the constantly varying movements of the hull 
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than from expansion through change of temperature, it being 
remembered that the bending of pipes because of hull movement 
is constantly going on in rough weather, while the expansion 
and contraction of pipes through changes of temperature is 
comparatively infrequent. 

In four of the vessels each boiler is provided with an inde- 
pendent feed pump, this being considered the safest and most 
efficient method of feeding boilers. In the last two boats, how- 
ever, with a view to test the comparative merits of the systems, 
two of the boilers were supplied with water by ordinary feed 
pumps worked off the main engines. 

Provision is made on board for 90 to 100 tons of coal, and this 
bunker capacity is found to be amply sufficient to make any of 
the runs at from 11 to 14 knots between the coaling stations on 
the voyage to Japan. 

OFFICIAL TRIAL, DECEMBER 21, 1899, oF THE WVZ//. 


Draught of water to bottom of propellers, 7 feet 10 inches aft, 4 feet 11 inches forward. 























Load carried, 35 tons. Runs on the Maplin Mile. 
vi at Doe 
| - | s v e | = 
lee} es | BS] sé | es Py =< 5 aif 
Runs. | 2g £2 | 35 | $3 |/33% 383 E 3 es | 83 | £3 
}Se “si ag |e) & =e) & | wa | “EB | GE] SE 
| | 2 | | < 
Sean Pr os wee pe | 
| , a | ins ins | m. $. knots 
I 203 52 24 Py 390.24 | 2° 4 29.032 
2 206 52 | # 24 387.13 1°48 75 | 33.088 we 31.019 
3 | 204 52 64 | 23 +h = 384.-44.| 2° 4y5| 28.869 Reged 31-070 | | 3 106 
4 205 | 52 7 | 33 387.54 | 1°47%0| 33-457 | 31°t0g | 31-245 | [> 
5 204 52} 6} 23 387.12 2° 5 28.800 | 37° 31.190 | 
6 | 206 | Sah | of | 23 & 387.92 | 1°46f5| 33.707 | 3%*753 
eS ee ea a Ei, BE eta HERS - == 
Mean | } } 
on sie, |} ood 52} 7 | 232 2 387.4 i - f 





Means for three-hours’ trial: 204 pounds steam, 53 pounds in first receiver, 7 pounds in second 
receiver, 23} inches vacuum, 3 inch to — air pressure in stokehold. Mean revolutions per min- 
ute, 388.06. Mean speed during three hours, 31.156 knots. 


Usugumo.—The 30-knot torpedo boat destroyer Usugumo, 
the sixth vessel of this type built for the Japanese Government 
by Messrs John I. Thornycroft & Co., of Chiswick, was success- 
fully launched from their yard on the 16th of January, 1900. The 
vessel was launched complete, with machinery on board and 
steam up and ready to begin the official speed trials. 

On January 23d a satisfactory full-power trial was made, re- 
sulting in a speed of 30.602 knots on the measured mile, and 
30.37 knots for three hours’ run. 
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RUSSIA. 


Sevastopol.—An official trial of the engines of this first-class 
battleship, 10,200 tons, in the presence of a commission presided 
over by Rear-Admiral Amosov, at full power and lasting six 
hours, was carried out on the measured mile at Kronstadt. 
They were very satisfactory. The estimate was that both en- 
gines on an average should develop 10,600-H.P., at 95 revolu- 
tions of each screw and 150 pounds pressure of steam. The 
expenditure of coal was 2 pounds per hour per H.P. 

Peresviet.—The trials of the engines of this first-class battle- 
ship gave as the result of eight series of diagrams the following: 
Highest pressure cylinder, 1,405.15 H.P.; medium, 1,527.37 
H.P.; lowest, 1,633.69; total, 4,566.21, or for the three engines, 
with an average pressure of steam to the square inch of 169.5 
pounds, a result of 14,532 H.P., or some 32 more than the con- 
tract. 

She and her sister ships, the Os/iadia and Podieda, are consid- 
ered in Russia a happy combination of battleship and cruiser, 
having the protection of vital parts and armament, the numerous 
guns and solidity of the one with the speed, range of action and 
seaworthiness of the latter. She has some new features as Rus- 
sian ships go, her three distinct engines, each with a separate 
screw, her 6-inch guns are each in a casemate with 2 to 5 inches 
of armor, and electricity is used to a hitherto unknown extent, 
and her six dynamos give 6,000 amréres at 100 volts. She can 
be steered by hand, the steam transmission engine with cylin- 
drical or electricity, besides Paid&si’s hydraulic and Shubin’s 
electrical modes of transmission, or five different methods in all. 
Her engines are well protected by an armored deck and have 
very small hatches. 

New Cruiser.—The first ship to be constructed at the new 
works at Windau will be a cruiser with protected deck. Her 
displacement will be 6,375 tons; length, 412 feet; beam, 533 
feet; draught with full load, 20 feet 8 inches; speed, 23 knots. 
Her engines are to develop 20,000 H.P. Steam will be provided 
by water-tube boilers of the Normand type. She will have two 
masts, each with a fighting top, and two bridges. The deck 
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protection will be 2 centimeters in thickness along the whole 
length. Herarmament will consist of twelve 6-inch Canet guns, 
45-caliber, two in a fore and two in an aft turret, and eight in the 
casemates ; twelve 7.5 centimeter, 50-caliber guns in the battery, 
and eight 4.7-centimeter Hotchkiss guns; also five torpedo tubes, 
two under water broadside forward and three above water, two 
broadside aft,and one right in the bows. Her freeboard will be 
20 feet 6 inches. 

Cesarevich.—This first-class battleship, building at the 
Forges et Chantiers de la Méditerranée, at La Seyne, is of the 
type of the /Jauréguiberry, and all the steel employed will be 
Siemens-Martin. Her dimensions will be as follows: Length, 
388 feet 9 inches; beam, 75 feet 6 inches, with a displacement 
of 12,900 tons. The plates of the upper armored deck and the 
communication and ammunition tubes will be of a special quality 
of steel employed in the French Navy, the latter 5 inches thick. 
The battery deck will be covered with linoleum, as will the 
upper armored deck, which is made of two thicknesses of 4-inch 
steel. The water-line belt, which goes from end to end, tapers 
from 8 inches amidships to 4 inches at the extremities. Above 
again is another belt of 6-inch steel extending to the main deck, 
while the casemates for the secondary battery will be 5 inches 
thick, the armor on the barbettes being 10 inches. The arma- 
ment will consist of four 12-inch guns, twelve 6-inch Q.F., 
twenty 12-pounder Q.F., and twenty-eight smaller Q.F. guns. 
There are four under-water torpedo tubes and two above water 
in the bows. She will be furnished with torpedo nettings. The 
contract speed is to be 18 knots on a 12-hour trial. 
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El Cid.—This elegant freight steamer, the last of a quartette 
of steamships constructed by the Newport News Shipbuilding 
& Dry Dock Co. for the Morgan Line, to ply between this port 
and New Orleans, arrived here December 17th from the yard of 
her builders. The four sister ships have been built since the 
Spanish-American war to replace those sold to the Government 
for auxiliary cruisers. These ships, the finest and fastest freight 
steamers in ihe world, have all been built under the superin- 
tendence of Horace See, of New York. The principal dimen- 
sions are: Length over all, 406 feet; length between stem and 
propeller post, 380 feet 84 inches; breadth molded, 48 feet; 
depth molded to awning deck, 33 feet and 9 inches; gross ton- 
nage, 4,665 tons; net tonnage, 2,905 tons. The hull is of steel 
throughout, the outside plating having vertical lap joints below 
the water line. There are three continuous decks and partial 
orlop deck at forward end of forehold. The deck houses, as in 
the case of all of the late vessels of the line, are of steel with round 
side lights. She has two cross hatches with an improved ar- 
rangement of covers for convenience in handling, etc. The 
rudder is built up with center plate and made with stock in two 
pieces, coupled together below counter. The vessel is provided 
with steam steering gear at forward pilot house, and a screw 
hand gear at the after house. A flying bridge connects the for- 
ward house with the main house. Steam windlass and steam 
capstans are provided for handling anchors, hawsers, etc. A 
complete eleotric-light plant, with 112 incandescent lamps of 16 
candlepower each, in engine room, deck houses and crew space ; 
portable lamps in cargo space, masthead light of 50 candle- 
power, side lights and a powerful search light placed on a stand 
on foremast, This stand is arranged similar to the crow’s nest 
on the transatlantic ships and can be used for a lookout. 
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The engines are of the triple-expansion type, cylinders 33, 52 
and 84 inches diameter, 54 inches stroke. In the high-pressure 
and intermediate valve gear, levers are introduced and connected 
to the valve stem and valve ‘gear in such a manner as to cause 
the weight of the valve to counterbalance the weight of the con- 
nections below the lever, thereby dispensing with counterbalanc- 
ing cylinders. The engines are reversed by steam, and controlled 
by a governor. The main pistons are constructed so as to dis- 
pense with the employment of tail rods, and will at the same time 
be steam tight without undue friction. The piston rods and valve 
stems are fitted with improved packing. The crank-shafts and 
crank-pins are 163 inches diameter. The shaft is fitted with ad- 
justable thrust bearings, one for go ahead and another for back- 
ing. The air pumps, single-acting, are 32 inches diameter. 
Total cooling surface in condenser is 6,400 square feet. An in- 
dependent centrifugal circulating pump is connected to the con- 
denser, sea, bilge and ballast tank. The propeller is built up, 
the hub being of iron and the blades of manganese-bronze. 
Steam is furnished by three double-ended boilers, 13 feet 10 inches 
diameter and 204 feet long ; working steam pressure, 180 pounds. 
The £/ Cid was built under the rules of the American Bureau 
of Shipping to class At for 20 years in the Record of American 
and Foreign Shipping. 

St. Louis.—The steamer S¢. Louis, of the American line, 
made a notable record during the past year in covering the 
greatest distance ever traversed in a similar space of time by 
any production of man’s ingenuity propelled by its own motive 
power. In thirty-four voyages across the Atlantic between South- 
ampton and New York this American-built steamer traveled 
106,7644 miles and carried 16,858 passengers, of which number 
5,981 were first class. There may be Pullman cars on trans- 
continental trains which in constant service have traversed more 
than 106,000 miles within a year, but no locomotive or other 
vehicle propelled by its own power has approached the record 
of the St. Louis. She was in commission continuously during 
all save two weeks and had not a single mishap. The average 
for the Sz. Louis for the 365 days in the year is 292 miles. Taking 
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into consideration the fact that the steamer was in port during 
133 days, it will be seen that her actual average steaming was 
460 miles a day. 

Grecian.—The steamship Grecian, which was launched on 
January 6, is the fourth ship built at the works of the Harlan & 
Hollingsworth Company for the Boston and Philadelphia Steam- 
ship Company, familiarly known as the Winsor Line, the others 
having been the /udian, Spartan and Parthian, and is the eighth 
ship turned out by that company during the year 1899. She is 
a three-deck freight and passenger steamer, built to rate for 17 
years, has a tonnage of 2,483.08, length over all, 290 feet; be- 
tween perpendiculars, 263 feet 34 inches; beam, molded, 42 
feet ; depth, 36 feet, and will have a draft, loaded, of 18 to 20 feet 
and a carrying capacity of about 2,500 tons. Has four water- 
tight bulkheads, four hatches, four side ports on each side, four 
single-cylinder Williamson winches ; Hyde steam capstan, wind- 
lass forward and aft; two steel masts, together with steel deck- 
house with accommodations for about 100 passengers. Has two 
electric-light plants, 200 lights each; 18-inch searchlight. In- 
verted, triple-expansion engines, 25 by 414 by 66 by 42-inch 
stroke, with four 13 by 10}-foot boilers, each with two furnaces 
40 inches inside diameter, built to sustain a working pressure of 
170 pounds. Built-up cast-iron wheel, 15 feet diameter. Ellis 
& Eaves induced draft; bunker capacity 275 tons, and is to 
make a speed of 15# knots on an 8-hour trial. 

Deutschland.—This steamer, built for the Hamburg-Ameri- 
can Line by the Vulcan Company in Stettin and launched on the 
10th of January, is to begin its regular trips between Hamburg 
and New York this summer. Its principal dimensions are: 

Length on deck, 684 feet ; beam, 67 feet; depth to the upper 
deck, 99.8 feet ; displacement at full load (29-foot draught), 23,200 
tons; registered tons, 16,200; launching weight, 9,300 tons; 
contract speed, 23 knots. 

The ship, therefore, exceeds the Kaiser Wilhelm der Grosse, 
built by the Vulcan Company in 1897, by 36 feet in length and 
9.8 feet in beam. 

The hull is built of German steel, after the regulations of the 
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German Lloyd for the highest class, and is built with four decks 
with extensive strengthening ; is provided with double bottoms 
throughout its entire length, and is divided by fifteen cross bulk- 
heads, and one longitudinal bulkhead in the engine room, into 
seventeen water-tight compartments; so that the ship would re- 
main floating, even after filling two neighboring compartments. 
The bulkheads are built after the latest instructions of the German 
Lloyd, and have ample thickness to resist even one-sided water 
pressure. For the removal of water entering the ship there are 
placed on the deck four centrifugal pumps, two machine bilge 
pumps, and six duplex pumps, which altogether can throw 4,000 
tons of water per hour. 

The ship is schooner rigged, with two steel hollow masts. It 
has four steel decks. Above the upper deck are superstruc- 
tures, one 115-foot poop deck, one bridge structure 410 feet 
long, and a quarter deck 284 feet long. Above the bridge and 
poop there is a promenade deck 534 feet long, and over this is 
the open deck. The ship can accommodate 467 first-class pas- 
sengers, 300 second-class and 290 third-class. To this must 
be added the crew, consisting of 525 men. Besides these state- 
rooms, there are provided for several first-class passengers spec- 
ial apartments, consisting of drawing, bed and bath rooms and 
about 50 extra large rooms intended for one person alone. For 
the first-class passengers there is a dining room with 362 seats, 
and saloon and large smoking room on the bridge deck, a 
breakfast room and a children’s parlor on the open deck, and 
finally a large promenade deck protected from rain and sun, 
The rooms for the second-class passengers are aft, partly on the 
upper deck, partly on the main and between deck. On the main 
deck is a saloon with 166 seats, on the upper deck a parlor, and 
on the poop deck a smoking room. 

' All inhabitable rooms are liberally provided with electric illu- 
mination, steam heating, ventilation and call bells; the engine 
and boiler rooms are also illuminated electrically. There are, in 
"all, about 2,000 electric lamps supplied from five dynamos, three 
of 700 ampéres and two of 400 ampéres, all of 110 volts. 

The coal bunkers hold about 4,850 tons. For the transport 
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of cargo, baggage and supplies there are sixteen hoists, of which 
two are aft, two on the upper deck, and two on the open deck. 
The ship has twenty life boats, of which four are permanently 
hanging in davits. Of these, sixteen are steel boats of the Francis 
patent, the others of wood. That they may be worked quickly, 
there are four steam hoists on the open deck. 

It may be specially mentioned that this steamer is built in ac- 
cordance with the instructions of the Imperial German Navy, 
that she may serve as man-of-war, as a cruiser provided with a 
large number of guns. For this purpose the rudder and steer- 
ing gear are placed under water. 

The engine and boiler plant, also installed by the Vulcan Com- 
pany, consists of two 6-cylinder quadruple-expansion engines, 
arranged according to the Schlick system. They will indicate 
a total of 33,000 horsepower, with 76 revolutions per minute. 
Each of these engines has a shafting line about 131 feet long, of 
24.9 inches diameter, one bronze screw of 21.6 feet diameter. 
The crankshaft, each of four cranks, and the propeller shafts of 
24.9 inches diameter, are of nickel-steel, the other shafting of 
the best Siemens-Martin steel. 

Steam is furnished by twelve double and four single boilers, 
with 112 fires and a total heating surface of 86,200 square feet, 
working at a pressure of 225 pounds per square inch. The boil- 
ers are arranged in four groups, of which each has a stack of 13 
feet diameter, and 115 feet height. The boilers are to work under 
forced draft, and each group will have four blowers of 10 feet 
diameter, driven by compound engines. There are on board of 
this steamer nearly 68 steam engines, with 124 steam cylinders. 

Strombus.—The steamship S‘romdus was taken for trial on 
the 16th inst. by Messrs. Sir W. G. Armstrong, Whitworth & 
Co., Limited, of Newcastle, by whom she has been specially 
constructed for the Shell Transport & Trading Co., of London, 
to carry petroleum in bulk and general cargo. Amongst other 
features she has been designed for the burning of liquid fuel. _ 
Her principal dimensions are: Length between perpendiculars, 
410 feet; beam, 52 feet; depth molded, 33 feet 9 inches, with a 
total deadweight capacity of 8,450 tons. The whole of the fore 
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part is reserved for cargo space, the engines and accommodation 
for the engineer officers being aft, and the accommodation for 
the captain and his deck officers in the bridges. The crew is 
housed in the spacious forecastles forward. The liquid fuel 
arrangements have been subjected to exhaustive trials, and have 
proved in every way satisfactory, the steam being well main- 
tained. On the trial trip the average speed was 10.6 knots. 
There is one triple-expansion main engine, built by the North- 
eastern Marine Engineering Co., Limited, Sunderland, having 
cylinders 28 inches, 46 inches and 77 inches in diameter, with a 
48-inch stroke, and taking steam from three large single-ended 
four-furnaced boilers, at a working pressure of 180 pounds per 
square inch. 

This is the largest steamer burning oil in the world, and also 
the largest tank steamer afloat. . 

The boilers will use oil fuel as soon as the steamer reaches 
the oil fields, and the furnaces are so arranged that they can 
be quickly changed from coal burning to oil burning and vice 
versa. All that is necessary is shifting of grate bars and put 
in fire-brick arches, the oil burners remaining as fixtures. 

There is one oil burner in the center of each furnace door; it 
consists of two concentric cones, one for the oil and one for the 
steam which is used to pulverize the oil. When not in use 
these burners swing back out of the way by means of trunnion 
bearings in the pipes. The oil is carried in bunkers or tanks, 
of which the fire-room bulkheads form one side, so that the only 
protection between the oil and the fire room is this one plate. 
These tanks when using coal are used as coal bunkers, and are 
fitted at the level of the floor plates with a plate the size of a 
bunker door which can be removed and used for getting out 
the coal. The oil is pumped from the large tanks or bunkers 
to a distributing tank at the upper deck, and flows from there 
by gravity to the several burners. This distributing tank serves 
a double purpose, as it allows the oil and water to separate, and 
makes the burners work more uniformly. There is a drain valve 
and pipe in the oil pipes leading to the burners, and they kept a 
bucket about half full by opening this drain. During the dock 
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trial this bucket was close to the mouth of one of the furnaces, 
but the men did not seem to think that it was any cause of 
alarm to have oil in the fire room, and when they wanted to re- 
light any of the burners they would stick a swab into this bucket 
and then light it in one of the other furnaces, and after the burner 
was started they would extinguish the swab by sticking it into 
the pail of oil. 

The noise of the burners was very great, and verbal commu- 
nication was very difficult in the fire rooms, and the heat radi- 
ated from the furnaces and ash pans was intense. 

The oil and the steam is led through pipes in the uptake and 
through a portion of the furnace so as to get them as hot as pos- 
sible before they reach the burners. The burner consists of 
three concentric cones, one for oil, one for steam and the third 
for air.* The air is drawn in by induction from the steam flow- 
ing past the mouth of the cone, and before it reaches the burner 
it passes through pipes the same as the oil in order to heat it. 

Saxonia.—On Saturday, the 16th inst., Messrs. John Brown 
and Company, Limited, Clydebank, launched the Saxonia, a twin- 
screw steamer of about 14,000 tons gross, which they have built 
for the intermediate Atlantic service of the Cunard Line. More 
than ordinary interest centered in the floating of the vessel, for 
she is not only the biggest ever built on the Clyde, but is also 
one of the ten largest in the world. The dimensions of the 
Saxonia are: Length, between perpendiculars, 580 feet; length 
over all, 600 feet; breadth, extreme, 64 feet 3 inches; molded 
depth from upper deck, 41 feet 6 inches. The vessel is of the 
complete shelter-deck type, with lofty erections amidships in- 
tended for the accommodation of passengers. The number pro- 
vided for are, first-class, 164, and third-class, about 500. There 
is also provision for a very large number of steerage passengers. 

A special feature has been made of the third-class accommo- 
dation. The rooms are arranged to accommodate four persons 
each, and are fitted up in a most comfortable, not to say luxuri- 
ous, style. The whole of this accommodation is fitted so as to 
be readily removed in case the space is required for cargo. The 
whole of the upper deck at the after end will be fitted for the safe 
carriage of horses and cattle. Twin-screws have been provided, 
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each actuated by quadruple-expansion engines, and the steam is 
supplied from nine single-ended boilers working under forced 
draft. 5, 

Persic.—The new White Star steamship Persic has arrived in 
the Mersey from Messrs. Harland and Wolff's yard at Belfast. 
The Persic is in all respects similar to her sister ships, the Afric 
and Medic, already in the trade, save only some trifling improve- 
ments, which. by reason of later experience, it has been found 
possible to introduce. Her dimensions are: Length between 
perpendiculars, 550 feet ; breadth, 63 feet; depth, 44 feet; gross 
tonnage, 11,984 tons. In the Persic and her four sisters, includ- 
ing the Runic and Suevic, to be launched next year, accommo- 
dation of an exceptional character has been provided for 350 
passengers, including comfortable reading, smoking and dining 
rooms, also excellent baths and lavatories. The engines are of 
the four-crank, vertical, quadruple-expansion type, balanced on 
the Schlick system, and drive twin propellers. The Persic is the 
seventeenth steamer in the White Star fleet propelled by twin 
screws. 

Crown Point.—Messrs. Joseph L. Thompson & Sons, Lim- 
ited, North Sands, Sunderland, launched on December 30 a steel 
screw steamer, built to the order of the Norfolk and North Amer- 
ican Steamship Company, Limited, of 1 Crosby Square, London, 
E. C., and named the Crown Point. The vessel is 390 feet long 
between perpendiculars, and has a beam of 51 feet, with a molded 
depth of 30 feet 6 inches. She is built especially to meet the 
requirements of the cattle trade and for the Manchester Canal, 
with sixteen derricks, ten steam winches, and all the most mod- 
ern machinery for the rapid handling of cargoes. Her deadweight 
capacity is about 7,500 tons, and provision is made for the carry- 
ing of 1,900 tons of water ballast in the cellular double bottom, 
and a large, deep tank fitted immediately aft of the engine room, 
and extending to the main deck. The engines are being built 
by Messrs. J. Dickinson & Son, Limited, Palmer’s Hill Engine 
Works, Sunderland, and are of the triple-expansion type, the 
sizes of the cylinders being 25 inches, 43 inches and 74 inches, 
by 48-inch stroke, with three single-ended boilers working at 200 
pounds pressure of steam, and fitted with Howden’s forced draft. 
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Dreamer.—On the official trial of this new steam yacht, owned 
by Thomas W. Lawson, of Boston, the guaranteed speeds of 12 
and 14 knots under natural and forced draft, respectively, were 
easily exceeded. The speeds attained were 13.13 knots under 
natural and 14.80 under forced draft. The yacht made several 
bursts of speed of more than 15 knots, and the day before ran 
for a short time at the rate of 16} knots. None of the numerous 
yachts built recently has attracted more favorable comment and 
attention than the Dreamer. Tams, Lemoine & Crane, the de- 
signers, and Lewis Nixon, the builder, have combined to produce 
one of the most perfectly built, elegantly finished and luxu- 
riously fitted-out boats in American waters. The dimensions 
of the Dreamer, as given by Mr. Nixon, are: Length over all, 
175 feet; length on water line, 148 feet; beam, 24 feet, and 
draught, 9 feet 6 inches. She is fitted with a triple-expansion 
engine, having cylinders 14.21 and 36 inches in diameter by 24 
inches stroke, steam being furnished by two large Almy boilers. 
The vessel has a steam-steering engine, an ice plant, an elec- 
tric windlass, electric lights and heaters, searchlights and every 
modern appliance adding to efficiency or comfort. The large 
deck-house and bulwarks are paneled in teak. The staterooms 
are finished in mahogany, bird's-eye maple, quartered oak and 
tapestry panels. There are four bath rooms with tiled floors in 
the owner’s quarters. He has eight large staterooms and a 
large music room below, and dining room, boudoir and smok- 
ing room in the deck house. The Dreamer is the fifth yacht 
built by Mr. Nixon, the preceding ones being the Free/ance, the 
Josephine, the Elreba and the Columbia.—“ American Shipbuilder.” 

Margarita.—The steam yacht Margarita, now building at the 
Scott Yard, Greenock, on the Clyde, for A. J. Drexel, of Phila- 
delphia, is a Watson design, and is a large, full-powered, sea- 
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going vessel. Her principal dimensions are: Length over all, 
323 feet; load-water line, 272 feet; beam, extreme, 36 feet 7 
inches; load draught, 16 feet 8 inches. She will have the usual 
clipper bow, overhung stern, two pole masts, with a fore-and-aft 
sail spread and one funnel. She is flush decked, the side plating 
being carried up at the ends, with rail carried on stanchions 
along the sides of the main deck. 

Steel is, of course, the material used for the construction of 
the hull and also of the decks, the latter being covered with 
teak. A double bottom is carried the entire length, and there 
are ten watertight compartments in all. There is a large amount 
of promenade space on the main deck, as the deck house is not 
continuous. Just aft of the foremast a small house contains the 
smoking room and spacious vestibule, with staircase communi- 
cating with the chart room and pilot house above and living 
rooms below. Abaft the funnel there is a spacious skylight, or 
dome, over the main dining room, and aft of this come the engine 
casing and deck house, containing vestibule and boudoir, all of 
steel, paneled with teak wood. 

The Margarita will have twin screws, driven by triple-expan- 
sion engines of about 5,000 I.H.P., designed to give a trial speed 
of 17 knots. Boilers will be of the cylindrical, multitubular 
type. The coal capacity figures out 550 tons, and there is 
large water capacity in the double bottom and tanks. A mod- 
ern equipment of auxiliaries will be carried, including a refrig- 
erating plant with a rated capacity of 1,200 pounds of ice a day, 
electric-lighting plant of 800 lights capacity, and an extensive 
system of mechanical ventilation. 

As customary in vessels of this class, the scheme of decorat- 
ing and finishing is very elaborate. The drawing room, which 
will extend the entire width of the ship, will be finished in Louis 
XV style, the dining room in Chippendale, and the social hall 
or library in Empire style. In this room the woodwork will be 
carved Spanish mahogany, with decorated stained-glass dome. 
The smoking room in the forward main-deck house will be 
treated in old English style, with oak paneling, and the boudoir 
in the after house will be finished in white wood. A rail will be 
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carried around the top of the after house, and this space will be 
used as an observation platform by the guests. A feature of the 
equipment will be an armory supplied with rifle-caliber automatic 
guns and small arms. 

Eight boats will be supplied, including a steam and a naphtha 
launch. A crew of sixty-eight men all told will be carried. 

It has been the intention to build a roomy, habitable boat in 
which long voyages can be undertaken in comfort.—‘“‘ Marine 
Engineering.” 
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S. DANA GREENE. 


Through a most distressing and lamentable catastrophe on 
the evening of January 8, this widely-known and universally- 
esteemed ex-officer of the Navy, lost his life,and the JouRNAL 
has never been called upon to chronicle a death where sadder 
circumstances surrounded the casualty. 

Mr. Greene, while skating on the Mohawk river at Schenectady, 
N. Y., and in company with his wife, undertook to enjoy a rapid 
flight on the ice, before the strong wind that was then blowing, by 
using what is called a skating sail. Before the couple had sped 
more than half a mile they disappeared through the ice, having 
been driven into a cut from which the thick ice had recently 
been removed, and where a new coating had scarcely begun to 
form. Both were drowned before assistance could reach them, 
although their cries for help were heard and every endeavor 
made to save them. 

Mr. Greene was 35 years old and was the son of Commander 
Samuel Dana Greene, U. S. N., who was second in command 
on the Monitor during her famous fight with the Merrimac in 
Hampton Roads. S. Dana Greene started his life’s work in his 
father’s profession, having graduated from the U. S. Naval 
Academy at Annapolis with high honors in 1883. On July 1, 
1885, he received his commission as ensign and remained in the 
Navy until 1888, when he resigned to take up electrical engi- 
neering work. For some years Mr. Greene was chief engineer 
of the Sprague Electric Railway & Motor Co., which position 
he resigned to connect himself with the General Electric Co. 
Mrs. Greene was formerly Miss Cornelia Chandler, daughter of 
Rear Admiral Chandler, U. S. N. 

During the Spanish-American war, Mr. Greene, who had taken 
great interest in the formation of the Naval Reserve, went to the 


front, and was under fire as the executive officer of the auxiliary 
18 
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cruiser Yankee. Since the peace he had been serving on the staff 
of Governor Roosevelt, of New York State,as naval attaché, with 
the rank of lieutenant commander. He took a deep interest in 
naval affairs, and presented papers on electrical-naval topics be- 
fore various bodies connected with the Navy. He was also a 
valuable contributor to the proceedings of the American Insti- 
tute of Electrical Engineers and to those of the New York 
Electrical Society. An important work to which he had of late 
devoted attention and energy is the standardization of electrical 
apparatus and its testing, etc. 

The funeral took place at Schnectady on January 11th, and 
was attended by Governor Roosevelt and staff and officers of the 
National Guard, as well as by numerous mourners from all over 
the country. 





GEO. A. BARNARD. 


Mr. Geo. A. Barnard, member, died in New York, February 
8, 1899, after a brief illness, aged 58 years. He was born in 
Albany, N. Y., and served during the civil war in both the 
Army and the Navy. He held an exceptionally high position 
in the mechanical commercial world, and did much to elevate 
the interests of mechanical engineering, especially in connection 
with stationary machinery. 

He was a charter member of the American Society of Mechani- 
cal Engineers and an interested member of our own Society, 
and had a wide engineering experience. 

At the time of his death he was the eastern representative of 
the Buckeye Engine Co., of Salem, Ohio. 

Mr. Barnard leaves a wife, a son and a daughter. 





CHARLES P. HOWELL. 


Commander Charles P. Howell, U. S. N., died at his home in 
New York City, December 7, 1899, about 5 P. M., from heart 
failure. He had been ill but a few days before his death, and 
was at his desk at the Inspection Board, Navy Yard, New York, 
the day before. Commander Howell was born in Goshen, N. Y., 
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January 18, 1848, and was appointed a Cadet Engineer October 
7, 1867, from New York. He graduated from the Naval Acad- 
emy June, 1868; was appointed Assistant Engineer August 15, 
1870; Passed Assistant Engineer, December 3, 1876; Chief En- 
gineer, November 10, 1893; Commissioned Lieutenant Com- 
mander, March 3, 1899, and Commander, Julf 8, 1899. 

He served on the U. S. S. Contoocook, North Atlantic Station, 
from October, 1868, until January, 1870; U.S. S. Tallapoosa, 
1870 until 1872; at Navy Department, 1872 until May, 1873; 
U.S. S. Alaska, European Station, August, 1873, to September, 
1876; at New York Navy Yard, September, 1877, until Novem- 
ber, 1878; U.S. S. Tuscarora, Pacific Station, November, 1878, 
until June, 1880; U.S.S. Ranger, Pacific Station, June, 1880, 
until June, 1882; U.S.S. Alert, Asiatic Station, October, 1883, 
until September, 1886; U. S. S. Minnesota, New York, July, 
1887, to May, 1889. He was Inspector of Merchant Vessels at 
New York, June, 1889, to January, 1890; U.S. S. Baltimore, 
January, 18g0, until June, 1892; U.S. S. Ranger, June, 1892, to 
May, 1893; New York Navy Yard, May, 1893, to December, 1895, 
after which he was assigned to duty on the U. S. S. Maine, where 
he was Chief Engineer when that ship was blown up in Havana 
Harbor on February 15, 1898. He was on the sick list for some 
time after that event, but during the Spanish-American war he 
was assigned on the U.S. S. Newark, which was refitted at the 
Norfolk Navy Yard. When the Mewark put back to that port 
after a short trip, he left her to go again on the sick list, and saw 
no more active service during the Spanish-American war. He 
was assigned to duty in the navy yard at Havanaa year ago, and 
remained there during the winter, after which he was assigned to 
duty at the New York Navy Yard, on July 2, 1899, where he re- 
mained until the time of his death. 

He resided with his family at No. 126 East Thirty-fourth 
street, New York City. He leaves a widow, but no children. 
The interment was in Goshen, N. Y., where his mother and 
brothers reside. Commander Howell was highly esteemed by 
all with whom he ever came into contact. He was of exceptional 
ability and possessed a ripe experience in his profession. 
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‘ASSOCIATION NOTES. 


The regular annual business meeting of the Society was held 
at the Navy Department on the evening of January 9g, 1900, with 
a fair attendance of resident members. 

The meeting was called to order at 7°30 P. M., and the report 
of the Secretary-Treasurer for the past year presented as follows: 


GENTLEMEN: In accordance with the By-Laws, I have the honor to submit the 
annual report of the financial condition of this Society for the year just completed, 
and in doing so it is a pleasure to state that, in spite of the many predictions that the 
Personnel Bill would result in a greatly decreased interest in such an association, the 
results of the year, as well as the outlook, prove the Society to be in a most flourish- 
ing condition. 

There have been a number of withdrawals through disaffection, but an increase in 
the Associate list to more than make up for that loss, and there is no doubt but that 
we will gain considerably in the near future from former line officers, now more 
interested in engineering matters, as soon as their eligibility to membership is well 
known. 

The volume of the JouRNAL for the year is the largest ever published before without 
decreasing the balance of money on hand, and is the largest JOURNAL but one ever 
issued by us, the exception being that of its immediate predecessor, Volume X, which 
was made purposely larger to reduce the balance and distribute a portion of the 
surplus in that way. 

The following is the Statement for 1899, and has been audited and found to be 


correct : 

RECEIPTS. 
Balance from last accounts, January 7, 1899..............:sccscceceecsececeecences $4,074.74 
NE TI ctnikcctovdswasrhngngstubphebebinnlérncdcbiataticedétaeseuiigiipieobeseiaanutin 2,255.00 
Subscriptions, sale of JOURNAL and reprints.............ceccscssscsececeesenececes 362.60 
SI ciiasutin ccesdat sent enccakncwalladinaredevssbossivelincosencsioocacusserbbinee 1,607.89 
ae Oi UI NG ac scicss cncipnaevasseencrde +scocescadéenasversecbsien gdasedioaseese 1.20 


Interest........ dilcsietaninchiinibahisckatamikitevetimnneiebmiicaaaeieiiid inshiiachndaeate 
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EXPENDITURES. 

Ps FORGE, COG PIII ccicintaiiciicriseitinrrictiatniniesiamaiabe $2,465.71 
Se Se, Ti I BOR oc ssn cn0c0n0cinsessnnsedccaninsiavibeeaghontaaals 173-45 
a icnccnentcntnnttiaciniccincntbinstnitvihontesnpmainsiisermannpaaatatid 284.51 
Ic icinnininiasascvcssecdecuticnccescseqcsvnummpiseeeenvordanhen 900.00 
Incidentals, postage, Statiomery, €6C., CtC.....cccovcccoecccsccovssevescosessnessccsase 127.57 
DR ai TRE TINE By BG is nis sce cinsinancddiancsninecca-ccevesecounavenes 4,430.30 

WR ccicccsedis wicks cia idechsincankseaabaeriiirchaddcepmniareciel $8,381.54 


Respectfully submitted, 
A. B. WILLITs, Secretary- Treasurer. 


The voting slips received by mail were then counted, both 
those for the award to prize essayists for 1890 and those for 
election of officers for the Society for 1900, and the results an- 
nounced as follows: 


PRIZE ESSAYISTS, 1899, 


First prize (gold medal, life membership, and cash prize of 75 
dollars) was awarded to Prof. W. F. Durand for his article entitled 
“ Electrical Propulsion for Torpedo Boats.” 

Second prize (life membership and 25 dollars cash prize) was 
awarded to B.C. Ball for his article entitled “Indicator Dia- 
grams of Multiple-Expansion Engines.” 

Both of these articles appeared in the February, 1899, Jour- 
NAL. 


OFFICERS FOR 1900, 


President, Commander Harrie Webster. 

Secretary-Treasurer, Lieutenant Commander A. B. Willits. 

Council.—Lieutenant Commander F. H. Bailey, Lieutenant R. 
S. Griffin, Lieutenant B. C. Bryan, 

The meeting was then adjourned sine die. 


Members are requested to call the attention of such former 
line officers of their acquaintance as are particularly interested 
in Engineering matters to the present By-Laws of this Society. 
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All line officers are now eligible to membership, and it is be- 
lieved that the JourNAL will be both of interest and value to at 
least those who anticipate closer study of steam machinery and 
duty in immediate connection with it. 


Back numbers of the JoURNAL, in a complete set to date, can 
be secured by application to the Society, and at a price not con- 
sidered exorbitant in view of the scarcity of the earlier volumes. 


A circular slip is being prepared to call attention of the So- 
ciety to the matter of the address of letters, as well as of checks, 
money orders, etc., intended for the Secretary-Treasurer. Some 
confusion in the delivery of mail has resulted from the fact that 
the Navy Mutual Aid Association, also in the Navy Department, 
is addressed by a prefix title of Secretary-Treasurer. All matter 
sent to this Society, however, should be addressed without such 
prefix, and simply made out to “American Society of Naval 
Engineers, Navy Department, Washington, D. C.” 


The following announcements have been received and are 
self-explanatory : 


“THe INSTITUTION OF CIVIL ENGINEERS. 
Established 1818. Incorporated by Royal Charter 1828. 
GREAT GEORGE STREET, WESTMINSTER, S. W. 
January 31, 1900. 
“AMERICAN SOCIETY OF NAVAL ENGINEERS, 
“ Navy DEPARTMENT, 
“Washington, D. C., U.S. A. 


“Dear Sirs: I am instructed by the Council to inform you 
that they have fixed the Annual Conversazione of this Institution 
for Thursday, the 5th of July, when they will desire to extend 
a very cordial invitation to those members of your Society who 
may be in London then, as well as to the ladies of their families, to 
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attend that entertainment. This Conversazione, which leads to, 
perhaps, the largest annual gathering of Engineers from all parts 
of the country, is, on this particular occasion, to be held, by the 
kind permission of the Corporation of the City of London, in 
the rooms of their ancient Guildhall, and the President and 
Council desire to take this early opportunity of expressing a 
hope that they may, in due course, receive the names of any 
members of your Society, whether traveling in an organized 
party or individually, to whom official invitations may be issued 
to attend that function. 

“T am, yours faithfully, 

“J. H. T. Tupspery, Secretary.” 


‘“‘UNITED STATES COMMISSION TO THE PARIS EXPOSITION 
OF 1900. 


“AxBAny, N. Y., December 20, 1899. 
“EDITOR JOURNAL OF AMERICAN 
“ Society oF NAvAL ENGINEERS, 
“Washington, D. C. 

“Dear Sir: I enclose herewith an official press notice of the 
International Congress of Life Saving and First Aid, held under 
the auspices of the Universal Exposition in Paris in'1900. Will 
you kindly give the matter such notice in your publication as in 
your opinion will interest your readers ? 

“ Should further information be received on this Congress, or 
any other congress allied thereto, I shall take great pleasure in 
forwarding you the earliest information. 

“Very respectfully, 
“HOWARD J. ROGERs, 
“Director Education and Social Economy.” 


CONGRESS ON LIFE SAVING AND Frrst AID. 


The Congress of Life Saving and First Aid will study the means of life saving 
and the placing of such means in operation under all conditions on land and sea, in 
case of fire, and in water, in time of peace or in time of war. This work will com- 
prise papers, discussions and experiments, 
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The Congress appeals to societies of life saving at sea, navigation companies, vol- 
untary fire companies, voluntary life-saving societies, societies of marines, ambu- 
lance, stretcher bearers, Red Cross societies, and aid to the wounded in time of war. 

The Commission desires that these societies send not only delegates, but works 
and notices showing their operation, the services rendered, and that they shall take 
part in the meetings and experiments. 


One may become a donor member to the Congress by sending his application 
blank and subscription of 20 francs to M. Felicien Michotte, General Secretary, 2% 
Rue Condercet, Paris. 

This Congress will open on the 17th of July, and will last eight days. 

The members will find all information at the Secretary’s office for their stay in 
Paris. 








